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oct 5 1982 


SUBJECT: Final Report for Specific Cooperative Agreement 58-519B-0-899, 
University of Nebraska 


TO: Technical Information Systems 
National Agricultural Library USDA 
Division of Acquisition 
Beltsville, MD 20705 


Enclosed are two copies of the final report resulting from a Specific 
Cooperative Agreement Number 58-519B-0-899 between the University of Nebraska 
and ARS. 


The Principal Investigator is Rodney D- Allrich and the ARS's ADODR is 
R. K. Christenson, Clay Center, Nebraska. The funding level was $10,500 for 
an 18-month period. 


The subject of the agreement is "Investigate the Biological Basis of Sexual 
Maturation in the Pig." 
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Naas % _ United States Science and Agricultural Research Reoepox 166 
3 Department of Education North Central Region Clay Center 
Agriculture Administration Roman L. Hruska Nebraska 

U.S. Meat Animal 68933 


Research Center 


July 19, 1982 


SUBJECT: Overview on Final Report of Specific 
Cooperative Agreement No. 58-519B-0-899 


LOssels ad er tzeerald 
Regional Administrator, NCR 
Peoria, IL 


THROUGH: C. W. Alexander re Lirgabes 


Mid-Great Plains/Ay' “ag om 
Columbia, MO 


One of the pleasures of my position during the past few months has been 
to review the final progress reports of our predoctoral graduate students 
who have completed their Ph.D. research here at the MARC and their course 
work at a land grant university. 


This program, initiated at the MARC about three years ago, has brought 
immense benefits to the taxpayer and is perhaps one of the best uses of 
funds that I know of! 


dtd A Ojai 


ROBERT R. OLTJEN 
Director 


CG: 

R. K. Christenson 
ow. ord 

C. J. Moore 
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SUBJECT: Final Report of Specific Cooperative 
Agreement No. 58-519B-0-899 


TO: Dr. Paul Fitzgerald 
Regional Administrator 
USDA, SE, ARS, NCR 
Peoria, IL | 
4 
Connie J. Moore ‘ 
Section Head, Contract Specialist 
USDA, SE, ARS , NCR 
2000 West Pioneer Parkway 
Peoria, IL 


THROUGH: Dr. Charles W. Alexander 
Area Director 
Mid-Great Plains Area 
Columbia, MO 


Dr. Robert R. Oltjen f- MK C2) 
Director icyy t * 
CA 


Roman L. Hruska U. S. Me ne Research ren eey 
Clay Center, NE 


Dr. J. Joe Ford pape Fobe 


Research Leader 
Roman L. Hruska U. S. Meat Animal Research Center 
Clay Center, NE 


Enclosed please find the Final Report for appraisal and records. 


eek (Galas 


RONALD K. CHRISTENSON 
Research Physiologist 
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FINAL REPORT 


Specific Cooperative Agreement No. £8-519B-0-899 Between University 
of Nebraska, Agricultural Experiment Station and SEA, AR. 


Title: Investigate the Biological Basis of Sexual Maturation in. 
the Pig. 


CRIS No. 3090-20372-016A 
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Rodney Duane Allrich 


Description of work results, conclusions and recommendations are 
included in the copies of the four manuscripts included in this 
report. | : 


Thesis Title 

Pubertal Development of the Boar: Age-Related Changes in Testicular 
Morphology and Selected Endocrine Parameters 

Rodney Duane Allrich 

198] 

University of Nebraska, Lincoln, Nebraska 
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Ls Lincoln 
Institute of Agriculture and Natural Resources Phone (402)472-6424 
foAe’ 
ONS 
June 28, 1982 le 


Dr. Ron K. Christenson 
MARC 

P.O. Box 166 

Clay Center, NE 68933 


Dear Ron: 


I want to take this opportunity to express my appreciation to you personally 
and others on the MARC staff who worked directly with Dr. Allrich on this project 
to accomplish the objectives we had set out. This study generated some important 
basic research findings regarding pubertal development in boars and was able to be 
much more comprehensive because of the excellent laboratory facilities available 
at Clay Center and the experience and expertise that you and others, e.g., Joe 
Ford and Don Lunstra at Clay Center provided relative to important approaches and 
techniques utilized in the study. 


I believe Dr. Allrich received an excellent Ph.D. program working with both 
the University of Nebraska and MARC. I believe it was mutually advantageous to 
both programs but am certain it was from our standpoint. 


I would hope that.we might have the opportunity to. develop another cooperative 
agreement involving another Ph.D. student at some point in the future involving a 


problem that holds the mutual interest and excitement that this one did. 


ae te yours, 


Terma. Re, Ferersrne? 
Dwane R. Zimm 


Professor of Animal Science 
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CURRICULUM VITAE (prepared 4/1/82) 


Rodney D. Allrich Telephone: Home (317)742-7582 
| 2114 Charles St. Office (317)494-4844 
| Lafayette,Indiana 47904 Department of Animal Sciences 
Tar Veal 


Purdue University 
West Lafayette, IN 47907 


Personal: 

| Dacesoit firth: January 21, 1953 Héient: ro 10. 

| Place of Birth: Maddock, North Dakota Weight: 170 pounds 
Marital Status: Married, no children Health: Excellent 
Education: 


198l-present Postdoctoral Research Associate, Department of Animal 
Sciences, Purdue University. Involved in research under 
project entitled "Neuroendocrine Mechanisms Contributing 
to Postpartum Anestrus in Beef Cows". 


1978-1981 University of Nebraska, Lincoln, and Roman L. Hruska U.S. 
Meat Animal Research Center (Ph.D.) 
Reproductive Physiology/Major; GPA - 3.6/4.0 
Ph.D. Dissertation:''Pubertal Development Of The Boar: 
Age-Related Changes In Testicular Morphology And 
Selected Endocrine Parameters" 








1975-1978 North Dakota State University, Fargo (M.S.) 
Reproductive Physiology/Major; GPA - 3.3/4.0 
Master's Thesis: "The Effect Of Fasting, Imposed At 
Weaning, On Various Reproductive Phenomena Of The Gilt" 


£971-1975 North Dakota State University, Fargo (B.S.) 
Animal Science/Major; GPA - 3.0/4.0 


| Research Experience: 


Undergraduate - Executed research project involving Vitamin C and 
its effect on egg production in laying hens. 


Graduate (M.S.) - Enzyme analysis in blood; blood collection from farm 
species; swine surgery-ovariohysterectomy; RIA- 
steroids; artificial insemination of bovine and 
porcine; semen collection and processing; data 
processing-computer analysis; histology-technique 
and interpretation. 
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Graduate (Ph.D.) - Laparoscopy technique in swine; RIA of steroids 
and) LH; cytogenetic analysisjand interpretation; 
testicular morphological and morphometry investiga- 
tion involving fixation and processing for light 
and electron microscopy ;sinevitros testicular 
incubation technique; venous cannulation and 
castration of boars during all stages of development; 
miscellaneous surgery techniques; conducted two 
extensive experiments involving reproductive 
characterization of three genetic lines of rats. 


Postdoctoral - Dissection of neuroendocrine tissue of the brain; 
superfusion of bovine pituitary stalk-median 
eminence; RIA of LHRH; venous cannulation of cattle. 


Teaching Experience: 


M.S. - Taught Reproductive Physiology laboratories- involved endocrinology 
experiments, semen collection and evaluation, gross and microscopic 
‘anatomy. Taught "Feeds and Feeding" laboratories - involved 
mainly balancing rations. Assisted in introductory Animal Science 
course concerned mainly with livestock judging. 


Ph.D. - Taught introductory Animal Science Laboratory course involved 


with livestock judging and general Animal Science information. 
Assisted with Reproductive Physiology laboratories. 


specific Achievements: - 
High School - President (two years) and Secretary of local FFA chapter. 


Breas - Worked way through college, earned 75% of expenses. 


= 
mn 
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Awarded graduate research assistantship. Presented two 
abstracts at regional meetings. 


Ea. D. 


Awarded graduate research assistantship at University of 
Nebraska with a cooperative research agreement with the 
Roman L. Hruska U.S. Meat Animal Research Center at 

Clay Center, Nebraska.Presented five abstracts at regional 
and national meetings. An additional abstract from the Ph.D. 
research will be presented in the summer of 1982. Attended 
the 9th Annual Training Course for RIA sponsored by the 
Endocrine Society held at Bethseda, Maryland. 


Society Memberships: 


American Society of Animal Science 
Society for the Study of Reproduction 
Gamma Sigma Delta 
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Dr. R. K. Christenson Dr. Dwane R. Zimmerman 
Roman L. Hruska U.S. Meat Animal Science Department 
Animal Research Center Marvel Baker Hall 
P2Oeebox 166 University of Nebraska 
Clay Center, NE 68933 Lincoln, NE 68583 
(402) 762-3241 (402)472-6424 
Bre -c. (&. Moss Dee see het ta Lcon 
Department of Animal Sciences Animal Science Department 
Purdue University North Dakota State University 
West Lafayette, IN 47907 Fargo, North Dakota 58102 
(317) 494-4813 (701) 237-7641 
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Altrich, R. Ds, C. T.. Wang, G.E. Dickerson. and Dwane R. Zimmerman. 1981. 
Selection for increased rate or efficiency of lean growth in rats: 
Correlated responses in reproductive performance. 
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Pie ere. Rh. Kautorastenson, J.J. Ford and Dwane RK. Zimmerman. 1982. 
Pubertal development of the boar: Testosterone, estradiol-178, 
cortisol and LH concentrations before and after castration at 
various ages. J. Anim. Sci. (in press). 


Pirate Rims Olristenson, J. J. Ford and Dwane KR, Zimmerman. 
1982. Pubertal development of the boar: Age-related changes in 
testicular morphology and in vitro production of testosterone 
and estradiol-178. Biol. Reprod. (submitted). 
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and estrous activity in purebred and reciprocally crossbred gilts. 
(in preparation). 
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Abstracts 


eee ees. Lidton, J. No Johnson and R:- C, Zimprich. 1978. 
Effect of fasting on various reproductive phenomena of the gilt. 
emeaninsoct..47 (Suppl. 1):2. 


Memrieiweree ls, Re Ms. Weigl and’J. E. Tilton. 1978; Caffeine and its 
influence on reproduction in the early post-puberal female rat. 
Newb. Acacemy Sci. 32:28. 


Pier lLcooeneri., ©. 1. Wane, G. E. Dickerson and Dwane R. Zimmerman. 
1979. Selection for increased rate or efficiency of lean growth 
in rats: Correlated responses in reproductive performance. 
Veerisie coi. 49 (Suppl. 1) 3278. 


Allrich, R. D., Dwane R. Zimmerman and G. E. Dickerson. 1980. Effect 
of crossfostering rats previously selected for rate or efficiency 
of lean growth: Preputial separation, body and testes weight 
responses...) Anim. oci. SL (Suppl. 1) :86. 


Rr enemen eG. Eh, Dicxerson, D: R. Zimmérman and C. T. Wang. 1980. 
Maternal and individual preweaning effects of selection for 
postweaning rate and efficiency of lean growth in rats. 
Pweanin, sci. 22. (Suppl. 1):111. 


Wise, M., A. Jones, R. Allrich and Dwane R. Zimmerman. 1980. Influence 
of photoperiod and relocation-boar exposure stimuli on age at 
puberty in confinement-reared gilts. J. Anim. Sci 51 (Suppl. 1):88. 


Zimmerman, Dwane R., M. Wise, A. P. K. Jones, R. D. Allrich and 
Hoek Jonnson. 1980. Testicular growth in swine as influenced by 
photoperiod (16L-8D vs 8L-16D) and ovulation rate selection in 
fepates, eeAnim, Sci. 51 (Suppl. 1) 2340. 


Cleve andeeey Re, CC. ft. Wang, R. Allrich, W. R. Lambersen and G. E. 
Dickerson. 1980. Maternal efficiency of rats selected for rapid 
Or for efficient postweaning lean growth. J. Anim. Sci.51 (Suppl 1):114. 


Riri chee hee e ke Kk. Christenson and J.J. Ford. 1981. Age at puberty 
and estrous activity in purebred and reciprocally crossbred gilts. 
weer meeoci.) 23 (Suppl. 1):104. 


Allrich, R. D., R. K. Christenson, J. J. Ford and Dwane R. Zimmerman. 
1981. Pubertal development of boars: LH, testosterone and estradiol-178 
concentrations before and LH concentrations after castration at 
warious ages. J. Anim. Sci. 53 (Suppl. 1):292. 


PAlirichyeR. D. and Rk. K. Christenson. 1981. Age differences in the 
response to hCG by porcine testicular tissue in vitro. Biol. 
Reprod. 24 (Suppl. 1):132A. 
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Abstracts (con't) 


Wise eee ss Albrich, A. Jones, R.J. Kittok and Dwane R. Zimmerman. 
i7ol. intluence of photoperiod (16L:8D vs 8L:16D) and size of 
rearing group (10 vs 30) on age at puberty in confinement-reared 
Peeece. oim, oci. 339 (Suppl.) 1) 2104. 


Allrich, R. D., R.K. Christenson and Dwane R. Zimmerman. 1982. Pubertal 
development of the boar: Age-related changes in testicular 
in vitro estradiol-178 production. Biol. Reprod. 26 (Suppl. 1):000. 


Peivicnuess.)D., G. E. Moss and P. V. Malven. 1982. In vitro release of 
LH-releasing hormone (LHRH) from superfused tissue of the bovine 
pituitary stalk-median eminence. J. Anim. Sci. 55 (Suppl. 1):000. 


peweeerreiti- ss. G.; R. D. Allrich and J.J. Ford. 1982. Characterization 
of LH-hCG receptor in testis of boars and its relationships with 
morphological and steriodogenic characteristics during development. 
@emeenim, sel. 55 (Suppl. 1) +000. 
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= - AMERICAN SOCIETY OF ANIMAL SCIENCE 


C19 ey (TUES i 4 , Ale 
July 29-August 1, 1979 - University of Arizona, Tucson 


Material only within the blue line box will be photocopied exactly 


tee 2 as received. Arrange abstract in sample box before typing here. 
Correct mistake by atfiaing correction typed on white p 


aper over error with rubber cement or use liquid paner. Single space with no 
gins in the rectangle. Tithe without caps. For multiple authors designate presenter with * after name. Ribera only units of measure. 


Authors show first (1) ana second (2) choices of sessions in 
which they would like their paper scheduled: 


O Animal Behavior 
@ Animal Breeding and Genetics 





DO Animal Waste Management ; Corresponding author — R.D. Allrich i 
O Environment and Livestuck Production Canis 
D Meat Science and Technology ee Handel neater 

O Non-ruminant Nutrition as alias. 

O Pastures and Forages pS niverit: ores 

CO Physiology . | 

0 Ruminant Nutrition tee nw BINGO NET oo ne ans 
0 Teaching 

Oextension List key words at end of abstract inside blue tines. 





ABSTRACT AND ABSTRAC?T HEADING (see example, end of instructions) 

















- RE eararatacor elticiencviot pane Rien le peryerts sugneres er 
ee: election for increased rate or e eificiency of lean growt wth in rats: Correlated ¢ respor.ces iy Pepe 
eee cuctive periormance. R.D. Allrich*, C.T. Wang, G.E. Dickerson and Dwane R. Zimrmacricsn,: 

| |University of Nebraska-Lincoin. | | 
Reproductive performance was evaluated in two select lines (LG, selected for postweaning lean growth; 


BLG; selected for efficiency of postweaning lean growth) and a apart selected control line (C) to 
| determine if any changes in Bop oeuctixe performance had accompanied the genetic improvement in 
| Wate and efficiency of lean growth after 14 generations of selection. All progeny (179 maies and 4! 
females) were reared in standardized litters of nine until weaning at 21 days of age and in like sex ( 





! ( S) 
vue TT 

or unlike sex (US) pairs ae LS paired females were paired with similar aged rnales for mating 
at approximately 70 days of age while US paired females remained with the original male until mated or 


autopsied at 85 days of age. =e rneters measured for pal tana included age (AVO) and weight (WYO) 
vaginal opening, ovulation rate (OR), nuraber of fetuses (F), pre- and post-implantation loss (PRIL « 
PIL, respectively) measured at 16-18 days of pregnancy and sa of pups born (NB). Male 
evaluated for age (AM) and weight (Wi) at first spontaneous mating and testis weizht (TW) a \ 
Weight (BW) at 85 days. Selection for either LG or ELG increased AVO (33; 9rand 33.6 Vs 36. 98d Tore; 
P<01) and WVO (123.1 and 126.6 vs se 8 for C, P<.05) in LS paired females. In US pai: rec 

AVO was delayed in the LG line (39.7 vs 37.9 d for C, P<.05) but not in the EFG line (38.3 ¢) ¥ 
Was increased for both LG end EFG oes 6 and 133.3 vs] 20slagi ior Cy P05) SOR er RIL 
NB were not altered by selection for LG or ELG. so did not difier among lines tut OG moe 'g 
heavier at mating than controls (389 vs ae gators, 5). TW was lowered in males selected for ELG 
as Compared to controls (3.35 vs 3. Saco fore C, Sica BW at 85 days was increased in LG rales as 
Compared to controls (428 vs 381 g ior S D«O]), % 





KEY WORDS: Lean Growth, Selection, Reproductive Traits, Rats 
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Material only within the blue line box will be photocopied exacdy as received. Arrange abstract in saniple box before final typing 


here. Correct mistake by affixiny correction typed on white paper over error with rubber cement or use liquid paper. Single space 
with no margins in the rectangle. One line space between tide and abstract. Tithe without caps. For multiple authors designate 
presenter with * after name. Abbreviate only units of measure, 





. Authors show first (1), second (2), and third (3) choices: 


EXAMPLE OF ABSTRACT HEADING AND ASSTRACT 





a Breeding and Genctics 
2 Environment and Livestock Production Fertility of beef females followed controlled estrous cyeles 
and ovulation. A. A. Zaied*, W. D. Humphrey, C. CG. Kaltenbach, 


O Extension and T. G. Dunn, University of Wyoming, Laramie. 


O Meat Science and Muscle Biology 


O Non-Ruminant Nutrition Pregnancy rates (PR) following two progestogen implant periods 
O Pastures and Forages and breeding at either controlied ovulation or 12 hr after 


, synchronized estrus were compared. . . 
i Physiology 


(} Ruminant Nutrition 
0) Teaching 





List key words at end of abstract inside ble lines. 
ABSTRACT AND ABSTRACT HEADING (see example) 


Effect of crossfostering rats previously selected for rate or efficiency of lean 
Provliss Preputial separation, bedy and testes weight responses. R.D. Allrich*, 
|Dwane R. Zimmerman and G.E. Dickerson, University of Nebraska-Lincoln and USDA, SEA, AR, 


b aed 


‘a Pemiiiesi t.s. Meat Animal Research Center, Clay Center, NE. 





Preputial separation and testes weight at 85 days of age were evaluated in a crossfostering 
@meriment utilizing three lines of rats (LG, selected for rate of post-weaning lean growth; 
Wms selected for etficiency of postweaning lean growth; C, randomly selected control Ligte). 
Meenificant increases have occurred in the selected parameters. Dams were bred to unrelat- 
Smtales within the same genetic line. Within 12 hr of birth pups were weighed, toe notch- 
ed and crossfostered. Six female and three male pups were used from each litter. Dams 
reared one male and two female pups from her litter and the same number of pups from a dam 
of each of the other two lines. A total of 360 male pups were weaned at 21 days and there- 
after housed in groups of two. Age (APS) and body weight (WPS) at preputial separation and 
Pedy (BW) and testes (TW) weight at 85 days were recorded. LE males had greater (P<.01) 

APS than LG and C males (52.1 vs 50.3 and 49.2 days, respectively). APS was decreased 

| (P<.05) for LE males reared by C dams and conversely APS was increased (P<.05) fcr C nalies 
‘Yeared by LE dams. LG wales had heavier (P<.001) WPS when compared to LE cnd C males 
ees. 9, 225.8 and 217.9 g, respectively). LG males were heaviere (Lise Psn.025)_ateSoecacs 
Mm either LE or C males (415, 386 and 372 2, respectively). LE males hac lighter (P<.01) 
testes than LG and C males (3.43 vs 3.74 and 3.74 g, respectively). Crossfostering did not 
@iter BX or TX. Data indicate that APS and WPS are altered by selection for LG end LE and 
that the postnatal maternal environment can influence APS independent of WPS. BW and TW at 
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ithors show first and second choices of sessions by marking 
> number 1 and 2 in the appropriate boxes. 
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Animal Breeding and Genetics 

Animal Waste Management 

Environment and Livestock Production 


Corresponding author G. £. Dickerson 





Meat Science and Technology ‘ Address cow 4h Marvel Baker Hal} 
Non-ruminant Nutntion 
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List key words at end of abstract inside blue lines. 





vuld you be willing to present ae paper in 
oster session? Yes No 



















ABSTRACT AND ABSTRACT HEADING (see example, end of instructions) 


‘Maternal and individual preweaning effects of-selection for postweaning raté and 
iefficiency of lean gain in rats. R. Allrich, G. E. Dickerson*, D. R. Zimmerman and 
. 1. Wang, University of Nebraska, Lincoln and R. L. Hruska U.S. Meat Animal Research 
enter, AR-SEA, USDA, Clay Center, Nebraska : 


-cross-fostering design was used to measure cumulative effects of 14 generations of selec- 
ion for rate (LG) and efficiency (LE) of nostweaning lean gain on maternal and individual 
netic components of oreweaning growth and mortality, relative to unselected controls (oy. 
nthe 8th generation of relaxed selection, 120 nair-matings were made to obtain SO vaginal- 
Jug monitored nreanancies per line. From these, 40 sets were obtained of one litter from 
fach LG, LE and C lines born on same day. Each female in a set nursed three of her own 

ups and three from each of the other two litters to 21 days of age. Nurse eftects. cn Le 
ere below C for nup survival by -4% at 12 days and -6%+ at 21 days and those of LG were 
bove C for nun weights by 4%*** at 12 days and 35 at 21 days, with total litter weiants at 
days +2% for LG and -3% for LE females. Pup genotyne for survival was +t2% for LG and 

0% for LE at 12 days, +1% for LG and -3% for LE at 21 days; for pup weight was +4%* for LG 
nd -1% for LE at 12 davs and +1% for LG and =a" TOY Vesat 21) Gayoualc 10t vole alo tel 
ight at 21 days +2% for LG and -9% for LE. Interactions of nurse line and pun genotyne, 
Neluding fostered vs non-fostered, were nealigible. LG selection improved both maternal 

nd pup genotyne effects on preweaning qrowth, whereas LE selection reduced maternal 

ffects on survival and pup genotyne effects on both survival and arowth to weaning. How- - 
ver, LG females were larger than LE or C females and had larger total feed intake require- 
ents for both maintenance and lactation. | 


| 


EYWORDS: Rats, Selection, Lean Growth, Maternal Effects 


fre * SSS a —— —— i 
me ee ee _— —_——_— 


tbe received by March 15, 1980, edited and ready tor photocopy. Mail ciginat and one copy to D.C. England, three duplicate copies 
hairman of Session of first choice; one copy to Chairman of second choice. Program Chairmen listed at end of Instructions tor Ab- 
‘ ; ae. 2 ae ae oe ss nent 
t Preparation, If withdrawal of paper becomes necessary, nourS D.C. England immediatery. 














ewer 


fad 





a 


ay | 
che 

a 

;> 

_ 

fel 


Fi 


V1 AAI AT 













c A ari) | 


rah APM) bee 


#, Vlei Ae ony bby. tae 
f isoilingl lw AA = onl 
— 
ee 
le ' hele wi! tia 4 as + wil 
‘ ty i yale ‘ JE. 
3  wiege veal se alps 
vy vine needs: ant 
1 
dwtE) Inds oe 00) 
ti 
5) 
if - } AAT? r 
r ae os pe 
! 2 (52 
' 7 
; a 
: Mt tirh 
cé ev tes3 
) ager } 24, 35 
> j xz ee) 
= 4 + J , xt 
9 J 4 TIUNIG |S 
‘ fi ; ON DE IS1SE 
[ ateda bon slioai #2 
; ti 2 st soanvq sinned 
, 4 < i Ls7 7 i 2 part 
Ww) 4 ¥bod bra Ce9A) gBaA sou? 
967 2 SYLD ‘4! 36 3a3 anes 
{ f : 7 ,3veb a .8 ta £.0¢ 
° f f a al 
¥ T9Nf BLY < a LHGTOVIIOS ORB BB 5 
dw 274 (€2100.%9) wetvsad b 
° ~ ’ 
ool otov safes 2] .oelavre 
§.> ri os (ylovliosaess ,2 SVE bee oS 
. 2 1- «. 
’ 263 (yiavisoaczsy ,9 OS .C GMA eit 


i 


rie > on a. Bb aS za] sien 7? 
-_ 


7 


Ae so men Gale gl 


‘ hw) 7 


: t we fam vd Soresia sta 209 ‘bas 2A. 3 
r d 23d 29 Japonag: erty eda ides tigs| nae dager 


ees 

Peel ys 

Ce Sh sa Si} Thue ee ai. valinn ay. a , Habit ane ow ti 

(ite “el or Manes He Wall ine lati (oh baa ‘ 
ven 















“— 


+ 





' Last name of first author 


1980 72nd ANNUAL MEETING OF THE 
AMERICAN SOCIETY OF ANIMAL SCIENCE 
July 27-30, 1980, Cornel! University, {thaca, NY 





‘aterial only within the blue line box will be photocopied exactly as received. Arrange abstract in sam 
istake bY affixing correction typed on white paper over erro : 


ameee 


ithors show first and second choices of sessions by marking 
> number 1 and 2 in the appropriate boxes. 
Animal Behavior 
Animal Breeding 2nd Genetics 
Animal Waste Management 
Environment and Livestock Production 


G. E. Dickerson 





Corresponding author 


Meat Science and Technology Address 225 Marvel Baker Hall 
Non-ruminant Nutntion 

Pastures and Forazes University of Nebraska 
Physiology 

Ruminant Nutrition Lincoln, Nebraska €8583 
Teaching 

Extension List key words at end of abstract inside blue lines. 





uld you be willing to present we paper in 
loster session? Yes No 








ABSTRACT AND ABSTRACT HEADING (see example, end of instructions) 
Wi Maternal and individual preweaning effects of-selection for postweaning raté and 
iefficiency of lean gain in rats. R. Allrich, G. &. Dickerson*, 0. R. Zimmerman and 
|}. 1. Wang, University of Nebraska, Lincolm and R. L. Hruska U.S. Meat Animal Research 
enter, AR-SEA, USDA, Clay Center, Nebraska 


| cross-fostering design was used to measure cumulative effects of 14 generations of selec- 
ion for rate (LG) and efficiency (LE) of nostweaning lean gain on maternal and individual 
lenetic components of oreweaning growth and mortality, relative to unselected controls aye 
nthe 8th generation of relaxed selection, 120 nair-matings were made to obtain $0 vaqginal- 
lug monitored nreanancies per line. From these, 40 sets were obtained of one litter from 
ach LG, LE and C lines born on same day. Each female in a set nursed three of her own 

ups and three from each of the other two litters to 21 days of age. Nurse effects of LE 
ere below C for nup survival by -4% at 12 days and -6%+ at 21 days and those of LG were 
bove C for nun weights by 45*** at 12 days and 3% at 21 days, with total litter weignts at 
days +2% for LG and -3% for LE females. Pup genotyne for survival was *2% for LG and 

2% for LE at 12 days, +1% for LG and -3% for LE at 21 days; for pup weight was +4%* for LG 
ide=1% for LE at 12 davs and +1% for LG and -6%* for LE at 21 days and for total litter 
eight at 21 days +2% for LG and -9% for LE. Interactions of nurse line and pun qgenotyne, 
Ncluding fostered vs non-fostered, were nealigible. LG selection improved both maternal 

nd pup genotyne effects on preweaning growth, whereas LE selection reduced maternal 

ffects on survival and pup genotyne effects on both survival and arowth to weaning. How- - 
ver, LG females were larger than LE or C females and had larger total feed intake require- 


ents for both maintenance and lactation. 
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13th ANNUAL MEETING MIDWESTERN SECTION 
ODL AMERICAN SOCIETY OF ANIMAL SCIENCE 


June 11-13, 1980 — Manhattan, Kansas 


Material only within the blue line box will be photocopied exactly as received. 
here. Correct mistake by affixing correction typed on white paper over error w 
with no margins in the rectangle. One line space between title and abstract. Tide 
presenter with * after name. Abbreviate only units of measure. 


Authors show first (1), second (2), and third (3) choices: 


O Breeding and Genetics 

O Environment and Livestock Production 
O Extension 

O Meat Science and Muscle Biology 

O Non-Ruminant Nutrition 

O Pastures and Forages 





Arrange abstract in saniple box before final typing 

ith rubber cement or use liquid paper. Single space 
4 ~ . +. 

without caps. For multiple authors designate 


EXAMPLE OF ABSTRACT HEADING AND ABSTRACT 


Fertility of beef females followed controlled estrous cycles 
and ovulation. A. A. Zaied*, W. D. Humphrey, C. C. Kalcenbach, 
and T. G. Dunn, University of Wyoming, Laramie. 


Pregnancy rates (PR) following two progestogen implant periods 
and breeding at either controlled ovulation or 12 hr after 


synchronized estrus were compared. . . 


M Physiology 
DO Ruminant Nutrition 
’ O Teaching 





| "List key words at end of abstract inside biue lines. 


ABSTRACT AND ABSTRACT HEADING (see example) 











| 
Bee tnfiuence of photoperiod and relocation-boar exposure’stimuli on age at puberty in confinement- 
reared gilts. M. Wise*, A. Jones, R. Allrich and Dwane R. Zimmerman, University of Nebraska-Lincoln. 


The influences of photoperiod and relocation-boar exposure stimuli on age at puberty were evaluated in 
170 August-September born gilts from sows selected for high ovulation rate (Select iine) end randomly 
selected control line sows. Gilts were assigned at random to two photoperiod regimens, 8 hr light:!6 Ar 
darkness (SL-16D) and 16 hr light:Shr darkness (16L-8D), at 2 days of age. Light intensity ranged from 
150-200 luxs at eye level throughout developrnent. Gilts were moved from nursery to a totally enclosed 
development house at 70 days of age and allocated according to birth date to three blocks of pens in each 
light treatment (room). At 165 days of age, litters within room and block were stratified at rancom 
| letween three treatments: regrouped but maintained in the same room and block from day 70 (Control); 
| fegrouped, relocated to a different room (same photoperiod, and provided once caily contact with a 
| Mature boar (R & BE-165); same es R & BE-165 except relocation and boar exposure delayed until 1&5 
| days (R & BE-185). Gilts were observed daily for symptoms of estrus without the aid of a boar from 146 
days of age until 165 days (R & BE-165), 185 days (R & BE-185), or until termination cf the experiment at 
257 days of ase (Controi;. Gilts were laparoscoped or slaughtered to confirm ovulation at first estrus. 
| Age at puberty in gilts that expressed estrus did not differ between I6L-S8D and &L-l16D photoperiod 
regimens (208.3 vs 204.7 days, respectively). However, gilts relocated and exposed to a boar attained 
puberty 24.1 days earlier than unstimulated controls (R & BE-165 and R & BE-185, 197 days vs Control, 
221.9 days, P< .01}. Gilts subiected to relocation-boar exposure stimuli at 165 cays expressed puberty 
| 186 days earlier than gilts provided these stimuli at 135 cays of age (R & BE-165, 183.5. days vs R & BE- 
185, 207.1 days, P <.01). The percentage of gilts not cycling by 257 cays was 11.6 for control, SMS Silale 12! 
& BE-165 and 5.1 for R & BE-185. No difference in age at puberty was detected between contro! and 
Select line gilts. 








MEYWORUS: Puberty, Photoperiod, Swine, Boar Exposure 


—— 
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| doster session? Yes No 
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ABSTRACT AND ABSTRACT HEADING (see example, end of instructions) 








| Testicular growth in swine as influenced by photoperiod (16L-8D vs &L-16D7 and ovulation 
ate selection in females. Dwane R. Zimmerman*, M. Wise, A. P. K. Jones, R. D. Allrich and R. K. 


ohnson, University of Nebraska, Lincoln | 
! i 


‘wo trials were conducted to evaluate the influence of photoperiod and ovulation rate selection in 
-emales on testicular growth in males. Two photoperioc regimes (16L-8D, 16 hr light anc § hr dark 
§8L-16D, 8 hr light and 16 hr dark) anc two genetic lines (C, randomly selected control line vs a 
| emales mass selected for high ovulation rate) were compared in each trial. Select boars in trials | 
ind 2 representec the Ist and 2nd generations of relaxec selection following 9 generations of 
ffective selection for high ovulation rate. Equal numbers of boars from each line (trial Ly sos Ghane 
HS, born Aug.-Sept., 1978; trial z, 24 C anc’ 24 S, horn ees, 1979) were rancomly allottec to 
iach photoperiod regimen (3 days, trial 1: ex davs, ttial*z) anc to tires castration groups(140, 1$2 
ind 224 days of age). Light was procucec with fluorescent lamps {cool white,. The intensity rangec 
from 150-206 luxs at eve leve! curing development. Pody weights (AM) were cecorced at freauent 

“ntervals anc on the day the testes were removed. Each testis was icentifiec, placec on ice and 

TW)}.. The cata from 


lissectec free of the epidicymis and extraneous tissue before recorcing weight ( 
s of variance since nene of the interactions hetween main effects 


| Was significant. Photoperiod failed to influence either BW (140) 79 vs 79k: 182,107 vs 110 ke: 
122 vs 132 keg for 16L-8D and SL-16D, © : 
067 vs 276 g for 16L-SI) and SL-15D, 
however, produced heavier testes weights than con VS 
224, 284 Wsrzo7, P< .0!;. 


NIK) 


Py \ 











Photoperiod, Testes, Swine, Selection, Cvulation Rate. | 
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' 
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ABSTRACT AND ABSTRACT HEADING (see example, end of instructions) 


peg faternal efficiency of rats selected for rapid or for efficient postweaning Jean 
‘growth. £. R. Cleveland*, C. T. tang, R. Allricn, WW. R. Lamberson and 
. E. Dickerson, University of Nebraska, Lincoln and R. L. Hruska U.S. Meat Animai Research 
enter, AR-SEA, USDA, Clay Center, Nebraska 


| Ffects on maternal efficiency from 14 generations of between family selection for rapid 
| LG) or for efficient (LE) postweaning lean growth were evaluated relative to unselected 
| ontrols (C) after 8 generations of relaxed selection, from feed consumotion, body weignts 
| fd preweaning litter mortality and weights for 40 balanced sets of 3 contemporary cross- 
| OStered litters (3 LG, 3 LE, 3 C pups/female). LG exceeded LE and C females in weight at 
onception (295, 275 and 272 g), at gestation day 14 (359, 329 and 322 g) and 20 (446, 404 
Nd 403 g), after parturition (337, 307 and 310 g), at lactation day 12 (348, 323 and 324 - 
), at 21-day weaning (315, 304 and 303 g) and at 10 days after weaning (333, 309 and 307 
). The slichtly lower number and total weight of pups weaned by LE females A RS ee 
nd 8.5 nups for LG and C; 305 vs 323 and 316 g) and smaller weight loss of LE females 
Uring lactation (3 vs 22 and 7 g) sugaest lower milk production by LE females. Feed con- 
-umption was hicher for LG than for LE or C females for 0-14 days gestation (304 vs 294 and 
87 9) and esnecially for 0-21 days lactation (972 vs 872 and 902 g) and 10 days after 
eaning (307 vs 266 and 268 a). The total feed intake from conception to 10 days after 
aning exceeded C by 7% for LG and 2% for LE per gram OF .l titer weaned and by 1C: for LG 
id 5% for LE per pup weaned. Thus, increased efficiency of postweaning cain for LG and 
Eover C rats was partly offset by higher maternal overhead costs, esoecially from the 
arger size LG females and the higher preweaning mortality of pups nursed by LE females. 














KEYWORDS: Rats, Selection, Lean Growth, Naternal Efficiency | 
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Authors show first (1), second (2), and third (3) choices: EXAMPLE OF ABSTRACT HEADING AND ABSTRACT 


Breeding and Sarees : Fertility of beef females following controlled estrus cycles 
O Environment and Livestock Production and ovulation. A. A. Zaied*, W. D. Humphrey, C. C. Kaltenbach, 
O Meat Science and Muscle Biology and T. G. Dunn, University of Wyoming, Laramie. 

D Non-Ruminant Nutrition ; 

O Pastures and Forages 


Pregnancy rates (PR) following two progestogen implant periods 
; and breeding at either controlled ovulation or 12 hr after 
) Physiology synchronized estrus were compared. . . 

O Ruminant Nutrition 





List key words at end of abstract inside blue lines. 


ABSTRACT AND ABSTRACT HEADING (see example) 


Age at puberty and estrous activity in purebred and reciprocally crossbred Gisis< 
Merk. D. Allrich*, R. K. Christenson and J. J. Ford, University of Nebraska, Lincoln 
ind USDA, SEA-AR, Roman L. Hruska U.S. Meat Animal Research Center, Clay Center, NE. 


Jata from Landrace (LR) and Yorkshire (Y) purebred (LRxLR, YxY) and reciprocally crossbred 
\LRxY, YxLR) gilts were analyzed for age at puberty (AP) and percent showing regular 

astrous cycles (REC) at 6.5, 7.5 and 8.5 months of age. Trial I was comprised of gilts 

from al] breed combinations while Trial II included only reciprocally crossbred gilts. 

iilts were reared in total confinement in groups of 10 to 12 with ad libitum feeding until 
jilts reached 100 kg whereafter they received 1.82 kg feed per head daily. Daily estrous 
necks were performed from 4.5 to 8.5 months of age whereupon reproductive tracts from 

yilts not showing REC were examined by laparoscopy to determine reproductive status. In 
somparisons (Trial I) of YxY to LRxLR, YxLR and LRxY gilts, respectively, the following re- 
jults were obtained: YxY gilts reached puberty at an older (P<.05) age (199.8 vs 184.7, 
186.0 and 187.2 days), had the lowest (P<.01) percentage showing REC at 6.5 months (38 vs 
12, 68 and 74), had a similar percentage showing REC at 8.5 months (76, 90, 77 and 89), and 
jad the highest (P<.05) percent prepubertal at 8.5 months (17 vs 3.5, 0 and 0). Percent be- 
Naviorally anestrous at 8.5 months did not differ (3.5, 0, 9.7 and 7.4). In Trial II, re- 
‘iprocally crossbred YxLR and LRxY gilts did not differ for age at puberty (183.6 and 180.0 
Mays), percentage showing REC at 6.5 months (62 and 71), at 8.5 months (79 and 82), percent 
Wrepubertal at 8.5 months (4.8 and 5.3) and percent behaviorally anestrous at 8.5 months 
(14.3 and 13.2). In both trials reciprocally crossbred gilts did not differ in AP and 
ercentage showing REC, while AP failed to exhibit any significant heterosis effect. 


KEYWORDS: Reciprocally Crossbred Gilts, Puberty, Estrous Activity 














Must be postmarked before January 15 and should be edited, ready for the printer. All data must be reported in the metric system. If 
Withdrawal of a paper becomes necessary, the Secretary snould be notified at once. Mail six copies to: W. R. Woods, Animal Science 
Department, 3-115 Lilly Hall, Purdue University, West Lafayette, IN 47907, (317) 494-6287, 
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RESENTATION PREFERENCE (check one): 
] Oral presentation of paper preferred 

] Poster session presentation preferred 

} Either method satisfactory 





IESSION PREFERENCE (indicate 1st and 2nd choices): a 
} Animal Behavior ; . 
-] Animal Breeding and Genetics Corresponding author _R._D. Allrich 


} Animal Waste Management 
} Environment and Livestock Production 
] Extension 
] Meat Science and Muscle Biology 

©] Non-ruminant Nutrition P.O. Box 166 
] Pastures and Forages _Clay Center, NEY 68933 — ) 3 ) Sie 
] Pharmacology and Toxicology 
J Physiology Phone 402 
J Ruminant Nutrition 

| J Teaching 


APER EVALUATION (indicate if you wish to have your 

yal presentation evaluated): 

8 Yes 

! 

/U No ABSTRACT AND ABSTRACT HEADING (see example, end of instructions) 


Address _Roman L. Hruska U.S. Meat Animal 
Research Center 


pee -Pubertal development of boars: LH, testosterone and estradiol-178 concentrations 
~~ before and LH concentrations after castration at various ages. R. D. Allrich!?2x, 
ak Christenson*, J. J. Ford?, and Dwane R. Zimmerman!, IDepartment of Animal Science, 
/niversity of Nebraska, Lincoln and “USDA, SEA-AR, Roman L. Hruska U.S. Meat Animal 


/esearch Center, Clay Center, NE 


orty-eight Landrace x Duroc boars were assigned at weaning to one of eight castration ages 
/40, 70, 100, 130, 160, 190, 220 and 250 days). Catheterization of the jugular was per- 
ormed five days (-5) before castration. Blood samples were taken every % hr between 0800 
Bueez0O0 two days (-2) before and on days +l, +2, +3, +4, +8 and +16 after castration. 

rum concentrations of LH, testosterone (T) and estradiol-178 (E27) were quantified by RIA 
m pooled (within boar) samples. Mean concentrations of T and Eg (-2 day samples) 

Mereased linearly (P<.01) with age of boar (0.9, 1.8, 4.0, 8.5, 8.5, 14.2, 14.3 and 14.9 
Meee and 11, 19, 16, 53, 89, 98, 108 and 118 pg Eg/ml at 40, 70, 100, 130, 160, 190, 

20 and 250 days, respectively). LH (ng/ml) 


lean LH concentrations before and after Day from castration 











A 

astration are given in the table. LH ae a) +1 +9 

oncentrations were elevated within 1 to 40 0.83 ES 1. 33%% 

t days following castration at 40, 70, 70 1.08 1439 1.40% 

(100, 130 and 160 days. These data 100 0.88 1.50*% 1.17% 
uiggest that the negative feedback 130 109 1.58%% 1.38% 
influence of testicular steroids on LH 160 17 1.48% 1.58% 
eCretion is diminished after 160 days 190 i313 1107 1.39 

in the boar. 220 16.02 als 94 Lely, 
aoe 9) 7 29 
KEYWORDS: Boar, Puberty, LH, = 05, 8 a (Co ween eee St 
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< Giikice of photoperiod (16L:8D vs 8L:16D) and size of rearing group (10 vs 30) on age at puberty 


\confinement-reared gilts. M.E. Wise*, R.D. Allrich, A. Jones, R.J. Kittok and Dwane R. Zimmerman, 
 hiversity of Nebraska, Lincoln. i 


he influence of photoperiod and number of gilts reared per pen on age at puberty were evaluated w ‘153 
ebruary-March born gilts from the University synthetic gene pool population. Litters were pieceat dS 
WO teplicate groups according to birth date and gilts in each replicate randomly eae ye an 
) two photoperiod regimens (8 hr light:16 hr darkness, 8L:!6D and 16 hr light:8 hr carkness, pee 
\d two rearing group situations (group of 30, G-30, vs group of 10, G-10, gilts per pen). es 
€atment (cool white fluorescent, 100-150 lux) was started immediately following weaning at 4 wk 
hereas the group size variable was imposed following regrouping and relocation of..the gilts ee ee 
usery to a totally enclosed development house at 10 wk. Floor space (4.1 sq. m per gi ee 
omparable for the G-10 and G-30 groups. Daily observations for symptoms of estrus were Ps at 
WO days without the aid of a boar. Gilts were relocated to a difierent room (photoperiod and ig? 
| tuation remained unchanged) and provided once daily contact with a mature boar starting i me ee 
| Lage. Gilts were laparescoped following first estrus to confirm first ovulation. Boas cycles were 
dllowed on all gilts until termination of the experiment at approximately 255 days of pee 
eproductive tracts were recovered at slaughter to determine ovulation rate at the last estrus in cy ae 
its and to confirm prepubertal status of gilts not detected in estrus. Age at pupae see 
—— Mfluenced by photoperiod ($L:16D, 191.3 da vs 16L:8D, 194.9 da, P<.1) or by size of the eee sre 
3-10, 189.0 da vs G-30, 194.6 da, P<.1). Photopericd and size of the group also ea to in Wee 
Vulation rate (SL:16D, 12.6 vs 16L:SD, 12.2 and G-10, 12.9 vs G-30, 12.2). Interval weight gains taken 
fom 28 to 240 days of age showed no influence of photoperiod or rearing group. 
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Final Progress Report of Activities Conducted by Rodney D. Allrich While 
Supported by the USDA Cooperative State Research Service Grant 701-15-42 
and Specific Cooperative Agreement No. 58-519B-0-899. 

This report will briefly outline the series of activities and accom- 
plishments that I was involved with while a predoctoral student at the 
University of Nebraska and the RLH US Meat Animal Research Center (MARC). 

I started my predoctoral program in Sept., 1978 at the University 
of Neb. (at Lincoln). Early on, with the encouragement of Drs. Ford, 
Christenson and Zimmerman, one-day conferences were held between the above 
named persons and myself. The purpose of these bimonthly meetings was to 
establish guidelines for my course of study and research effort. These 
meetings (held alternately at Lincoln and Clay Center) were extremely 
beneficial. While at Lincoln, I conducted two extensive rat experiments 
utilizing Dr. Dickerson's rat colony. 

In January 1980, after 3 semesters a course work, I moved to 
Clay Center to begin my period of research at MARC. While at MARC, my 
main research effort involved characterizing pubertal development of 
the boar. I also conducted several studies not directly involved with my 
main Ph. D. research topic. This experience was beneficial and helped 
broaden my overall experience. In Nov., 1981, I left MARC after obtaining 
a postdoctoral position at Purdue University. 

During my predoctoral program, I authored or co-authored 12 
abstracts and 5 manuscripts (see attachments). In addition, I attended 


9 scientific society meetings and the 9th Annual Training Course for RIA 


sponsored by the Endocrine Society. 
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Overall, I believe the research environment at MARC was excellent. 
Adequate animal numbers, equipment and personnel were on hand to facili- 
tate the research effort. In addition, I hereby acknowledge the generous 
and competent assistance of Drs, Zimmerman, Christenson and Ford during 
my program. Thanks also need to be given to Drs. Luns¥ra and Lindvall 
for their helpful suggestions. The able technical assistance of Mark 
Anderson, Toni Tolles, Ann Hultine and Jenell Dague is appreciated. I 
believe one of the strong points of MARC is the large number of knowl- 
edgeable personnel on staff (both scientific and technical) . 

When travel to Lincoln was necessary for seminars or li beeny 
work, MARC generously provided transportation. Participation in 
seminars held within area disciplines at MARC was encouraged by the 
scientists and was both rewarding and helpful. By giving seminars at MARC, 
I improved my overall communicative skills greatly. 

emideatatlocated at MARC should have sufficient self-motivation 
to carry on research activities without constant "prodding" by the 
scientist. If this was not the case, the student could easily become 
"lost" in the immensity of MARC. In other words, this program needs 
to be selective when examining prospective predoctoral students. The 
research topic needs to be defined and"hashed about" well before the 
Student arrives at MARC. This will provide for efficient use of 
research ‘time while at MARC. 

I would like to take a moment and express my sincere thanks to 
Dr. Ronald Christenson for the superb manner in which he advised, 
encouraged and supported my efforts at MARC. His knowledge as a scien- 


tist and friend enabled me to more fully develop both professionally 


and personally. 
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I hope this summary indicates to you that: 


1) This program should be continued and expanded. 


2) MARC is an excellent place for gaining research 
experience and skill. 


3) Overall, the personnel at MARC were generous and 
sincere in their effort to enrich my program. 


4) Predoctoral students need to develop a research 
outline and gain knowledge of previous related 
work before arriving at MARC. 


5) Students must be self-motivated and capable of 
independent effort. 


Finally, Dr. Oltjen is to be congratulated for the fine "ship" 
that he is running. 


Sincerely Submitted, 
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SELECTION FOR INCREASED RATE OR EFFICIENCY OF 
LEAN GROWTH IN RATS: CORRELATED RESPONSES IN 
REPRODUCTIVE PERFORMANCE! 


R. D. Allrich?»3, C. T. Wang”, G. E. Dickerson* and Dwane R. Zimmerman? 


US Department of Agriculture, Clay Center, NE 68933 


and 


University of Nebraska, Lincoln 68583 


Summary 


Two lines of rats selected for either rate or 
efficiency of postweaning lean growth and a 
control line were evaluated to determine 
whether any differences in reproductive per- 
formance had accompanied the genetic improve- 
ment in rate or efficiency of lean growth 
after 14 generations of selection (followed by 
six generations of relaxed selection). All progeny 
were reared in litters of nine until weaning at 
21 days of age, and in like-sex or unlike-sex 
pairs thereafter. Like-sex paired females were 
placed with unrelated males of similar age for 
mating at approximately 70 days of age, while 
unlike-sex paired females remained with the 
original unrelated male until mated or autopsied 
at 85 days of age. Selection for either rate or 
-efficiency of lean growth increased age at 
vaginal opening (38.9 and 38.6 vs 36.9 days for 
controls; P<.01) and weight at vaginal opening 
(133.1 and 126.6 vs 119.8 g for controls; 
P<.01) in like-sex paired females; similar 
findings were made for unlike-sex paired 
females. Ovulation rate, number of fetuses and 
pre- and postimplantation losses were not 
altered by selection. Age at first spontaneous 
mating did not differ among lines of male rats. 


‘Published as Paper No. 5988, Journal Ser., Ne- 
braska Agr. Exp. Sta. Research was supported in part 
by USDA Cooperative State Research Service Grant 
701-15-42, USDA, SEA, Cooperative Research. 

? Dept. of Anim. Sci. 

3 Present address: Roman L. Hruska US Meat Ani- 
mal Research Center, P.O. Box 166, Clay Center, 
NE 68933. 

4 Roman L. Hruska US Meat Animal Research Cen- 
ter, SEA, AR, Marvel Baker Hall, Univ. of Nebraska, 
Lincoln 68583. 


Testes weight at 85 days of age were lower 
(P<.01) for males selected for efficiency of lean 
growth. The results indicate that there are 
alterations in reproductive characteristics as a 
consequence of selection for either rate or 
efficiency of lean growth in rats. 

(Key Words: Rats, Selection, Growth, Correlated 
Responses, Reproductive Traits.) 


Introduction 


Selection studies at the University of Ne- 
braska (Gosey, 1974; Notter et al., 1976; Wang, 
1977) and elsewhere (Krider et al., 1946; 
Roberts, 1966a,b, 1967a,b; Robinson and 
Bradford, 1969; Sutherland et al., 1970; 
Newman et al., 1973; Baker et al., 1975; Frahm 
and Brown, 1975; Bakker et al., 1977) have 
demonstrated that rate and efficiency of 
growth are responsive to selection. However, 
few of these studies have evaluated the influence 
of growth selection on reproductive perform- 
ance. 

Fowler and Edwards (1960), Edwards 
(1962) and Land (1970) have examined repro- 
ductive traits in mice as affected by selection 
for body size. Fowler and Edwards (1960) 
found that fertility (defined as the interval 
between pairing of males and females and the 
arrival of the subsequent litter) was maintained 
in one strain of mice but was lowered in another 
(N). In strain N, low libido of certain males led 
to either total sterility or a delay in the arrival 
of litters. Fowler and Edwards also found that 
the number of ova recovered after natural 
mating was higher in large than in small mice. 
Edwards (1962) found that, in mice selected 
for large body size, pituitary weights and body 
weights were highly correlated. Land (1970) 
concluded that ovulation rate and both of its 
components (follicle stimulating hormone activ- 
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TABLE 1. AGE (AVO) AND WEIGHT (WVO) AT VAGINAL OPENING AS AFFECTED BY, 
LINE AND SEX GROUPING DURING REARING?* 


rn ea 


Like-sex paired 


No. of 
Selection line females AVO, days 
LG (selected for 
rate of lean growth) 103 38.9 + .4b 
LE (selected for 
efficiency of lean growth) 115 38.6 + .4b 
C (control) 113 36.9 + .4 


“Data presented are least-squares means + SE. 
> Different (P<.01) from C value. 
“Different (P<.05) from C value. 


ity and ovarian sensitivity) are positively 
correlated with body weight. 

The objective of this study was to evaluate 
the change in rat reproductive traits that had 
occurred after long-term selection for either 
rate or efficiency of lean growth. 


Materials and Methods 


Rats that had undergone 14 generations of 
selection for either rate (LG) or efficiency (LE) 
of postweaning (3 to 8 weeks of age or constant 
final weight) lean growth followed by six 
generations of relaxed selection (generations 
15 to 21) were utilized. A randomly selected 
control line (C) was also maintained in each 
generation. Lines LG and LE were duplicated in 
each generation, whereas the C line was tripli- 
cated. The selection procedures and growth 
responses have been reported elsewhere (Gosey, 
1974; Notter et al., 1976; Wang, 1977, 1981). 
Briefly, selection has resulted in increased rate 
(5.41, 5.10. and 4.19 g/day) and efficiency 
(328, .325 and .286 g/g feed) of lean growth in 
the selected lines (LG, LE and C, respectively ). 
The genetic gain achieved during selection has 
been essentially maintained during relaxed 
selection. Selection has not resulted in any 
significant trend in litter size changes. 

Standardized litters of nine rats (five females 
and four males) were maintained from 6 days 
of age whenever possible. The laboratory was 
maintained at 26 C and 45% relative humidity, 


—[_£_ 


5 Wayne Lab-blox, Allied Mills, Inc., Chicago, IL. 


Unlike-sex paired 


No. of 
WVO, g females AVO, days WVO, g 
133,022.00 2) 39.7 + .8¢ 135.6 + 3.4° 
126.6+1.6>5 21 38.31e).7 133.3 + 4.7 
119.8 +1.4 28 3.7.0: td 120.1 + 2.9 


with 12 hr of light/day (0630 to 1830 ho), A 
commercial’ cubed diet containing 24% crude 
protein, 4% crude fat and 4.5% crude fiber was 
provided ad libitum. 

After weaning at 21 days of age, female rats 
were housed either in like-sex pairs with-a 
sibling female or in unlike-sex pairs with an 
unrelated male of similar age and line. Male 
weanling rats were housed either in like-sex 
pairs with an unrelated male or in unlike-sex 
pairs with an unrelated female of similar age 
and line. Sex groupings were maintained until 
mating or autopsy. 

Starting at 28 days of age, all females were 
examined for vaginal opening (VO) every other 
day, with age (AVO) and weight (WVO) re- 
corded when VO occurred. VO was used as a 
measure of the onset of puberty. It had been 
verified for these lines of rats that vaginal 
estrus occurred within 1 day of VO and that 
the first ovulation accompanied the first estrous 
smear. 

The number of females on test was reduced 
after VO (randomly within line) because the 
animals were needed for other experiments. 
Mating was initiated at 70 days of age by caging 
like-sex paired females individually with like-sex 
paired males. Across-line mating was not 
allowed. A sperm-positive vaginal smear was 
taken as an indication that mating had occurred. 
Unlike-sex paired females remained with their 
original male companion until a sperm positive 
smear was observed or until termination of the 
experiment. The presence of spermatozoa in 
the smear denoted the first spontaneous mating 
for the male and day 0 of pregnancy for the 
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TABLE 2. OVULATION RATE (OR), NUMBER OF FETUSES (NF) AND PRE- AND 
POSTIMPLANTATION LOSSES IN LIKE-SEX PAIRED FEMALE RATS4 
== eee eo ooOoOOOOe—e—e—eaeaeaessqoeoeoaeaeaeaeaeaeaeaeaeaese—sSsSaeSSS—[{[[(—(_—_”_XWQ 0 _Ee_—_—e—aow—wmww a aes ss 


No. of 


females OR 


Selection line 


Postimplantation 
loss 


Preimplantation 


NFb loss 


a 


LG (selected for 


rate of lean growth) 42 1523927..5 
LE (selected for 

efficiency of lean growth) 40 14.2253 
C (control) 39 14.7 + .4 


1353) 24 1e2ieaaS sStee 
(86.9) (7.8) (5.3) 
12.6 + .4 10°52 a5 1 
(89.4) 519) (S55) 
U2:9:te5: 11-243 haberd 
(87.8) (7.4) (4.8) 





“Data presented are least-squares means + SE. 


>Number in parenthesis represents percentage of OR. 


female. The age and weight of the male were 
taken at this time. All males were sacrificed at 
85 days of age, with body weight (BW) and 
testes weight (TW) recorded. 

Both sets of females were sacrificed at day 
16 to 18 of gestation, and number of corpora 
lutea (ovulation rate, OR), number of fetuses 
(NF) and number of resorptions (NR) were 
counted and recorded. Preimplantation loss was 
calculated as the difference between OR and 
the sum of NF and NR. Preimplantation loss 
included the loss due to fertilization failure and 
early embryonic mortality. Postimplantation 
loss represented the difference between number 
of implantation sites and number of normal 
18-day fetuses. 

The data were analyzed by least-squares 


fixed-model procedures (General Linear Models 
procedure, option 1; Barr et al., 1979). The 
model for analyses of all traits included fixed 
effects of line, sex grouping and the interaction 
of line and sex grouping. In addition, data from 
the like-sex paired female group were analyzed 
with line and sibling within line used as fixed 
effects. The residual mean square was used as 
the error term to test the significance of main 
effects, the interaction term and appropriate 
linear contrasts. The sibling-within-line mean 
square was used as the error term in the analysis 
of like-sex paired female traits. Variation in n 
values between data tables was the result of 
death losses, mating failures and failure to 
detect specific monitored events in some 
animals (i.e., first spontaneous mating). Since 


TABLE 3. OVULATION RATE (OR), NUMBER OF FETUSES (NF) AND PRE- AND 
POSTIMPLANTATION LOSSES IN UNLIKE-SEX PAIRED FEMALE RATS? 





No. of Preimplantation Postimplantation 
Selection line females OR NFD loss> tossb 
LG (selected for 
rate of lean growth) 18 TS EES 12735559 PNP 2 OF Ake 73 
(77.4) (17.0) (5.6) 
LE (selected for 
efficiency of lean growth) 19 ERE) ESIC) 11.44 .8 SHI ES 6) 1.0 + .4 
(73.6) (20.0) (6.4) 
C (control) 27, 16.4 +.7 13.0 + .8 PES 22k POmez 
(79.3) Gls} (3.6) 


a 
Data presented are least-squares means + SE. 


b ; ; 
Number in parenthesis represents percentage of OR. 
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TABLE 4. AGE AND WEIGHT AT FIRST SPONTANEOUS MATING AS AFFECTED BY 
LINE IN UNLIKE-SEX PAIRED MALE RATS 


Solel 
ee 





Age at first Weight at first 
No. of spontaneous mating, spontaneous mating, 

Selection line males days g 
ee ee ee ee ae 
LG (selected for 

rate of lean growth) 13 62.3 + 1.6 3392510 
LE (selected for 

efficiency of lean growth) 19 61.5 + 1.4 306 + 10D 
C (control) 23 61.9+1.1 294 +116 





a 
Data presented are least-squares means + SE. 


PRiffersar (P<.05) from LG value. 


no differences were present in the duplicate 
(LG, LE) or triplicate (C) lines within the 
respective selection lines, the data from any 
given selection line were analyzed without 
regard to duplicate or triplicate line designation. 


Results 


The resporses of the female rats, in terms of 
AVO and WVO, to selection and sex grouping 
during development are summarized in table 1. 
Selection for either LG or LE delayed (P<.01) 
AVO and increased (P<.01) WVO in like-sex 
paired female rats. The results were similar for 
unlike-sex paired females. Comparison of the 
two sexual groupings of females showed no 
significant differences in these traits. Also, no 
significant interactions were found between line 
and sex grouping for either AVO or WVO. 
Overall, there was a significant positive correla- 
tion (r = .53, P<.001) between AVO and WVO. 
Of 402 females, only one did not exhibit VO. 

Selection for either LG or LE did not alter 
OR as compared with OR in the randomly 
selected line C (tables 2 and 3). OR was higher 
(P<.05) among unlike-sex paired females than 
among females reared in a like-sex pair. 

NF at 18 days of gestation did not differ 
among lines in either of the sex groupings 
(tables 2 and 3). Among the like-sex paired fe- 
males, the largest difference (.7 fetuses) was 
observed between the LG and LE lines. Among 
the unlike-sex paired females, the largest 
difference (1.6 fetuses) was between the LE 
and C lines. NF was not significantly affected 
by sex grouping or by the interaction between 
sex grouping and line. 

Neither pre- nor postimplantation loss dif- 


fered between lines. Preimplantation loss was 
two to three times higher (P<.05) for the un- 
like-sex paired females than for the like-sex 
paired group. The difference averaged 1.7 
embryos overall. Postimplantation loss was 
similar for like- and unlike-sex paired females. 
Conception rates did not differ between lines or 
sex groupings (93, 94 and 96% for LG, LE and 
C, respectively). 

Age of males at first spontaneous mating was 
similar for all lines, averaging approximately 62 
days (table 4). However, LG males were heavier 
(P<.05) in BW at this time than either LE or C 
male rats. 

Selection for efficiency of lean growth (LE) 
results in smaller testes (P<.01) at 85 days of 
age than in lines LG and C (table 5). When TW 
was adjusted by a covariable analysis for BW, 
results still showed that the LE males had 
smaller (P<.01) testes. BW was higher (P<.01) 
in the LG line than in either the LE or the C 
line. Sex grouping did not influence TW. 


Discussion 


The data presented in this paper demonstrate 
that selection for either rate or efficiency of 
lean growth may alter specific reproduc- 
tive traits of both female and male rats. Other 
researchers have also reported alterations in 
reproductive characteristics as a result of 
selection for growth rate. Therefore, in selection 
studies involving growth rate, it is critical that 
reproductive traits be monitored so that bene- 
ficial and(or) detrimental correlated responses 
be identified. 

The results show that AVO was delayed and 
WVO increased in lines LG and LE as compared 
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No. of No. of 
Selection line males TW, g BW, g males TW, g BW, b 
1.G (selected for 
rate of lean growth) 32 3.69 + 076 420+ 8 20 3.64 + .09¢ 436+12 
1.E (selected for 
efficiency of lean growth) 42 3.31 + .05 389+74 20 3.39 + .08 393+ gd 
© (control) 43 3.54 + .07 380+84 22 3.54 + .07¢ 382 + 10d 





*Data presented are least-squares means + SE. 
b Different (P<.01) from LE value. 
“Different (P<.05) from LE value. 
qn itferent (P<.01) from LG value. 


with line C. Selection for LG or LE slowed the 
sexual maturation process in some manner. 
Since the LE line also had an increase in growth 
rate, the delayed AVO for both LG and LE 
lines may be related to increases in growth rate. 
There are conflicting views about the relation- 
ship between BW and the occurrence of puber- 
ty. Norris and Adams (1979) have stated that 
accelerated growth in the rat is not correlated 
with accelerated sexual maturation. The present 
data are in agreement with that statement. It 
may be that puberty is attained when the body 
mass reaches a critical percentage relative to the 
mature body mass characteristic of the given 
animal. Further studies are needed to delineate 
any such relationships. 

The presence of the male did not accelerate 
or delay AVO or alter WVO in the present 
experiment. This observation is in agree- 
ment with that of Norris and Adams (1979), 
who found that keeping a mature male with a 
weanling female rat advanced neither age at 
VO nor age at first estrus. In mice, sexual 
maturation of females has been expedited by 
the presence of an adult male mouse and by 
bedding soiled by an adult male (Vandenbergh, 
1967, 1969). 

Selection for either LG or LE did not alter 
OR, NF or pre- and postimplantation loss. 
Fowler and Edwards (1960), Land (1970) 
and Bradford (1971) have reported that OR 
increases in response to selection of postweaning 
gain in mice. Land (1970) concluded that in the 
mouse there is a positive genetic relationship 


between BW and OR and between BW weight 
and ovarian sensitivity (as measured by the 
response to PMS). Bradford (1971) also found 
pre- and postimplantation losses to be higher in 
lines selected for rapid postweaning gain. Litter 
size remained unchanged, apparently because 
“uterine capacity” was not sufficient to accom- 
modate the additional embryos. The failure of 
OR to increase in LG and LE lines differs with 
findings from the cited mouse studies. Further 
studies are needed. with rats of varying genetic 
composition to determine whether the responses 
of mice and rats differ in this respect. 

Rearing female rats with a male from weaning 
increased (P<.05) OR in the present study. The 
females reared with males were mated at a 
younger age (62 days) than like-sex females (72 
days), or the difference might have been 
greater. This finding was surprising in view 
of the failure of the male’s presence to expedite 
the onset of puberty in the same females. 
Although the male has been shown to stimulate 
earlier puberty in female mice (Vandenbergh, 
1967), the influence of the male on OR has not 
been thoroughly evaluated. 

Females reared with males produced (P<.01) 
smaller litters than like-sex paired females as 
the result of greater preimplantation loss. The 
greater loss may have been due to two factors. 
First, the unlike-sex paired females were 
younger when mated and might not have 
possessed the uterine capacity of older females. 
Secondly, these females were mated to younger 
males that probably had not attained a maximal 
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level of fertility. The design of this experiment 
did not allow identification of the specific 
reproductive deficiency responsible for this 
difference. 

Male reproductive responses to growth 
selection have not been examined to the same 
degree as female responses. Usually, all that is 
stated is that the males were able to mate 
females and fertility was normal. In this study, 
males were evaluated for age at first spontaneous 
mating and TW at 85 days of age. 

Age at first spontaneous mating was thought 
to reflect the onset of the male’s ability to 
mate, since the fernales that were housed 
with males (unlike-sex paired) exhibited VO 
(38 days) long before mating occurred. As the 
males were of similar age, the lack of mating 
activity after the females experienced VO 
should have been indicative of the male’s 
nonbreeding activity. Therefore, when mating 
did occur, it was assumed to signal the onset of 
the male’s mating ability. Age at first spontane- 
ous mating was similar for all lines, indicating 
that this variable is not influenced by selection 
for rate or efficiency of lean growth. Weight at 
first spontaneous mating was increased in the 
LG line, as expected, because LG rats had the 
highest BW of the three lines at any given age. 
This suggests that age of the male may be a 
more important factor than BW in determining 
the onset of mating ability. 

Selection for efficiency of lean growth (LE) 
significantly reduced TW, but this decrease 
apparently did not influence the male’s ability 
to impregnate females. However, under the 
experimental procedures, males were only 
required to mate one female and were not put 
through an exhaustive mating scheme. The TW 
response of the LE rats was independent of 
direct BW influence and therefore leads one to 
believe that some endocrine mechanism was a 
dominant factor in this effect. TW of LG line 
males was not altered by selection. Johnson and 
Eisen (1975) have reported increased TW in 
mice selected for postweaning gain; however, 
when expressing TW per gram BW, they actually 
found TW decreased per unit BW. In the 
present study, this effect was not detected. It is 
of interest to note that both TW and OR were 
lowest in the LE line. The decreased TW of the 
males and the decreased OR of the females in 
this selected line (LE) may have been related to 
the amount of gonadotropin released. 

This study has shown that selection for LG 
or LE altered AVO and WVO of the female and 
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that LE selection reduced TW of the male. 
Rearing female rats with a male from weaning 
to mating resulted in an increased OR inde- 
pendent of BW changes. 
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Forty-eight Landrace X Duroc boars were assigned at weaning to eight 
castration ages (40, 70, 100, 130, 160, 190, 220 and 250 d). 
Catheterization of the external jugular vein was performed 5 d before sche- 
duled castration. Blood samples were collected every .5 h between 0800 and 
1200 h 2 d before (-2) and on d +1, +2, +3, +4, +8 and +16 after castration. 
Testosterone (T) was determined in serum samples collected every .5 h on d 
-2, Serum concentrations of estradiol-17g (E2), cortisol (C) and luteinizing 


hormone (LH) were quantified by radioimmunoassays in pooled (within boar) 





| samples collected on d-2. In addition, LH was determined in pooled (within 
boar) samples collected on d +1, +2, +3, +4, +8 and +16 after castration. 

: Mean concentrations of T and Eo (d -2) increased in a near linear (P<.01) 

| fashion with age of boar. However, T concentrations at 250 d of age had 

s declined (P<.01) to nee similar to concentrations of boars at 130 d of 

5 age. Serum C concentrations (d -2) were lower (P<.01) at 100, 130 and 160 d 
s of age when compared with an average C concentration of 19 ng/ml for all 

7 other age groups. Mean concentrations of LH (d -2) did not difrer among any 
e of the ages. Luteinizing hormone concentrations were elevated (P<.01) within 


i 1 to 2d following castration av 40, 70, 100,138 and 160 d of age. Serum 7 








‘concentrations of individual boars varied greatly at all ages as determined 
a by half-hourly sampling over a 4-h period. The results indicate that in the 
»2 boar: (1) T concentrations increase as pubertal development progresses and 
2 decline as maturity nears; (2) £9 concentrations increase steadily through 


% pubertal development; (3) © concentrations are depressed at 100, 130 and 160 


2 dof age relative to concentrations before and after that period; (4) LH con- 


Meenerations were constant during pubertal development, and (5) a decrease in 
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| the sensitivity of the negative feedback mechanism controlling LH occurs 
after 160 d of age. 
(Key Words: Boar, Puberty, Testosterone, Estradiol-178, Cortisol, 


Luteinizing hormone) 
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Introduction 
Few studies have comprehensively examined patterns of hormone secretion 
during pubertal development of the boar. Studies (Colenbrander et al., 1978; 


FlorCruz and Lapwood, 1978; Lapwood and FlorCruz, 1973; Tan and Raeside, 


1980) have not yielded consistent evidence as to the patterns of testosterone 


(T) secretion during development. In general, T concentrations appear to 
increase in sera until about 170 to 230 d of age and then decline to con- 
centrations found in the adult. Plasma estradiol-178 (Eo) concentrations 
have been reported (Claus and Hoffmann, 1980; Hay et al., 1981) to be as high 
as 278 pg/ml in adult boars. Plasma concentrations of cortisol (C) in mature 
boars range between 10 and 25 ng/ml (Liptrap and Raeside, 1975, 1978). 
Although patterns of Luteinizing hormone (LH) secretion during development 
have been studied (Romanowicz et al., 1976; FlorCruz and Lapwood, 1978) in 
boars, due to variation in results, it could not be ascertained if LH con- 
centrations were altered during pubertal development. Luteinizing hormone 
concentrations are thought to be controlled through a negative feedback 
system involving testicular steroids. Castration of pubertal boars results 
in elevated levels of LH within 2 to 4 wk (Colenbrander et al., 1977; 
FlorCruz and Lapwood, 1978), but characterization of the LH response to 
castration during pubertal development is incomplete. Serum T concentrations 
in boars are characterized by episodic fluctuations that seem more pronounced 
before than after puberty (Brock and Wettemann, 1976; Sanford et al., ‘906; 
Lapwood and FlorCruz, 1978; Kattesh et al., 1979; Tan and Raeside, 1980). 

The objective of the present investigation was to characterize patterns 
C and LH concentrations during pubertal development and to 


of serum T, £2, 


evaluate negative feedback regulation of LH by determining serum concentra- 
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tions before and after castration of the boar. In addition, episodic fluc- 
tuations in T concentrations were examined over a 4-h period before castra- 
tion for all boars. 
Materials and Methods 

Forty-eight Landrace X Duroc boars were reared in standard management 
conditions in a total confinement environment. Boars were born within a 3-wk 
period, weaned at 4 wk of age and maintained in a nursery in homosexual 
groups until 10 wk of age. Boars were then moved to a modified-cpen- front 


(MOF) type of finishing building and penned in groups of 16. At about 150 d 





of age, boars were moved to individual stalls. Diets with a corn and soybean 
meal base containing 18.5% protein were fed to boars in the nursery, whereas 
boars in MOF and stalls were fed diets with 16% protein. Ad libitum feeding 
} was practiced until boars were moved to individual stalls where 2.8 kg feed 
, was available daily. Boars were exposed to 12 h of light daily in the 
farrowing house and nursery and 16 h of light daily through the remainder of 


6 the experiment. 





At weaning, boars were randomly allotted in a randomized block design 


(six sire aroups ) to eight castration ages (40, 70, 1005 (SOF OO 90s 220 





and 250 d). Five days before scheduled castration, catheterization of the 





le external jugular vein (Ford and Maurer, 1978) was performed for the collec- 
a tion of blood samples. At castration, anesthesia was induced and maintained 
2 with sodium thiopental iv. Testes and epididymides were promptly removed, 
2 trimmed of excess tissue and weighed separately. Blood samples were taken 


a every .5 h between 0800 and 1200 h 2 d beforel(-2)rand oned +1, 42,043; +4, 





» +8 and +16 after castration. Blood samples were allowed to clot for at least 


% 24h at 4C, centrifuged at 2,000 X q for 30 min and the serum fraction 
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pipetted and stored at -20 C until all samples could be assayed simul-_ 


taneously for the same hormone. At the time of serum removal, a pooled com- 
posite sample was made from the .5-h samples collected each day from indivi- 


dual boars. Testosterone was determined on every .5-h sample collected on d 


2. Concentrations of Eo and © were determined on pooled d -2 samples and 


concentrations of LH were determined on all pooled samples from all days. 
Concentrations of T were determined in duplicate 150-1 aliquots of 
serum by radioimmunoassay (RIA) as described by Ford et al. (1980) using a 
rabbit antiserum® prepared against testosterone-19-bovine serum albumin. 
This antiserum had less tnan 10% SSB SAS with 5a-dihydrotestosterone. 
Samples were extracted twice by mixing with ethyl ether for 15 min, freezing 
and then decanting the ethyl] ether. Recovery averaged 92 to 95% and samples 
were not corrected for procedural losses. Standard curves of T2 ranged from 
10 to 4,000 pg. Intra- and interassay coefficients of variation were 7.5 and 
10.5%, respectively. 
Concentrations of E2 were determined in aio ttonee 500-u1 aliquots of 
serum by RIA as described by Kesler et al. (1977) using an 
antiserum!® developed in rabbits prepared against astradiol-17p-6-bovine 
serum albumin. The RIA was validated for swine by Redmer and Day (1981). 
Samples were extracted twice by mixing with ethyl ether for 15 min, freezing 
and then decanting the ethyl] ether. Recovery averaged 93% and samples were 
not corrected for procedural losses. Standard curves of E59 ranged fron .78 


to 200 pg. Intra- and interassay coefficients of variation were 8.1 and 


9.5%, respectively. 


8 Cambridge Nuclear Radiopharmaceutical Corp., Billerica, MA, cat. #CNR-248 


9 Sigma Co., St. Louis, MO 
10 Kindly providec by Dr. Norman Mason, Eli Lilly Co., Indianapolis, IN. 
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j Concentrations of C were determined in duplicate 10-u1 aliquots of serum 
by RIA (Dash et al., 1975) using a rabbit antiserum!! prepared against 
cortisol-2l-human serum albumin. This antiserum had 11 and 58% crossreac- 
tivity with corticosterone and 11-deoxycortisol, respectively. Samples were 
extracted twice by mixing with methylene chloride for 15 min, freezing and 
then decanting the methylene chloride. Recovery averaged 92% and samples 
were not corrected for procedural losses. Standard curves of c? ranged from 
95 to 2,000 pg. Intra- and interassay coefficients of variation were 6.9 and 
9.6%, respectively. 

Concentrations of LH were determined in duplicate 300-n1 aliquots of 
serum by a double-antibody RIA described by Niswender et al. (1969) using 
anti-porcine LH (#556) as first antibody and sheep anti-rabbit gamma globulin 
as second antibody. Purified porcine LH (LER-786-3) labeled with 1251 by the 
chloramine T method (Greenwood et ala 1963) and separated on a Bio-Gel P-100 
column served as trace. Samples were assayed against standardacurvesopre- 
pared from LER-786-3, that ranged from 0625 to 20.0 ng. Intra- and 
interassay coefficients of variation were 8.4 and 9.3%, respectively. 

The data were analyzed by least-squares fixed-model procedures (General 
Linear Models procedure; Barr et al., 1979). The model for analysis of all 
traits, except LH responses to castration, included fixed effects of age and 
sire. The model for analysis of LH responses to castration involved a split- 
plot analysis with age 4s the main plot treatment and day relative to castra- 
tion as the subplot treatment. pifferences between treatment means were 
determined by the Newman-Keuls test (Steel and Torrie, 1960). 


eS ee 


11 cambridge Nuclear Radiopharmaceutical Corp., Billerica, MA, cat. #C!R-207 


MANUSCRIPT GUIDE SHEET Form AD-4553A (5/81) 



















= a 7 en 

. : — AS 
al | » oe Weahervereb saw oa 
{ site 3 oe 


1s ttddsy 6 enfav (270i os toe 


trosyaosb=L1 bas enoysseD i 0 
a 
sie lydzom othe palxte yee 





“Oofda snalynzam Saye 
4 = 
isvvbaoo1 Wl Dete 


$ns?rshieo 2se19ent bre vet a 
* Fd 


= 








f 

*, 7 g 

U. Mo). beans jaa: 6 -28T6e 
7 


sq2ay ,PE.0 bns b, 2 ovew cottsirsy Yo eenehor ieee 








7 ‘oh a r « 
i 2 E Oi sale. “rj =5% “3 ‘ if 


fon? ,notrzev2s® a 2a2n0gae" Rae 





-Jt fe s bevlovat, notaaxd2eso. 03 eeenoqeay RJ 20 2tay lennon 
. ' | aT 
7 


.) af ovidefex yeb bne Jnomdsan? tofq, ntem odd 26 (/S0Rmeee 
: 7 


eis 2' tnordsext coowled rsorevetl id. ..snemiaseh’ 

2 ——— a an 

(O3CE ,StrvoT bos [set2) teat efuoAenamal 

7 (‘* ae oe. A. 
. 7 _ 

y 









: fs f ae ) a 7 - 
ary, -, — ; ¥ a _ os 
satis {tte ‘ . ca Os Tr) 249836 5 
aie oe 7 _ 


me 
- — ioe Bee - 








CSI .2e> , 









| ins 
| ee -8- Margins 


ie ———<—- 2" a 11/2" 1" 
Results 
Mean body weights and paired weights of testes and epididymides 

increased throughout the period of sampling from 40 to 250 d of age (figure 
1). Relative growth rate, which represents the percentage change in body or 
organ weight/day (Fitzhugh and Taylor, 1971), steadily decreased for body and 
epididymides weight during pubertal development, whereas relative growth rate 
for testes increased markedly between 100 and 130 d of age and then steadily 


decreased thereafter (table 1). Within each age group, Pearson correlations 





(r = .50°, P>.30) indicated that neither testes nor epididymides weight was 
correlated with body weight. Analysis of variance indicated that sire 
influenced (P<.01) both testes and epididymides weight. 
Average serum T concentrations ranged between 1.31 and 15.76 ng/ml from 
40 to 250 d of age (table.2). Serum T increased linearly (P<.01) with age of 
boar and was not influenced by sire. Serum T concentrations at 250 d of age 
were similar to those found at 130 d of age. Serum T concentrations of 
samples collected every .5 h on d -2 displayed episodic fluctuations for al] 
| ages examined. Mean number of T peaks/4 h ranged between 1.0 and 1.7 for all 
ages and no clear age-trends in fluctuations were detected. Within age 


) -group, wide variations in T fluctuations were noted, with some boars 











displaying distinct spikes in secretory profiles while others did not. 
1 Mean serum Ep concentrations increased in a near linear fashion (P<.01) 


2 with age from 11.3 pg/ml at 40 d of age to 114.2 pg/ml at 250 d of age 








3 (figure 3). Analysis of variance indicated that Eo concentrations were 


influenced (P<.01) by sire. 


Average serum C concentrations ranged between 9.0 and 23.3 ng/ml (figure 


4). Serum C was lower (P<.01) at 100, 130 and 160 d of age than C concen- 
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1 1 i Vise 16 
trations before or after this time. Sire had no effect on C concentrations. 
Before castration, mean serum LH concentrations ranged between .83 and 
1.25 ng/ml (figure 5). Luteinizing hormone was not influenced by sire or age 
of boar. Luteinizing hormone concentrations were elevated (P<.01) within 1 
to 2 d after castration in boars 40 through 160 d of age with no such 
response noted in older boars (table 3). The LH concentrations after d +2 
tended to decline in most cases to values near those found before castration 


and by d +16, only one age group (40 d) displayed elevated (P<.01) LH con- 





centrations relative to d -2. 
Discussion 

Testicular growth Reet eae a sigmoid curve function similar to previous 
reports (Niwa and Mizuho, 1954; McFee and Eblen, 1967; Egbunike and 
Steinbach, 1972; FlorCruz and Lanwood, 1978), although in the present 
experiment, 4a definite plateau had not been reached by 250 d of age. | 
Relative growth rate of the testes and the lack of significant correlations 


between body and testes weights within age groups indicated that growth of 





the testes was not directly associated with bodyweight. Sire influenced botn 
testes and epididymides weight, suggesting that significant additive gene 


variation exists for these traits. In future investigations, greater sire 





and progeny numbers are needed to evaluate physiological mechanisms, 
heritabilities, genetic and phenotypic correlations among these parameters. 
| Testosterone concentrations increased between 40 and 220 d of age he fore 


» declining sharply at 250 d of age. This pattern of T secretion is similar to 








those noted previously (Andresen, 1976; Romanowicz et al., 1976; Colenbrander 
et al., 1978; FlorCruz and Lapwood, 1978). Due to the age at termination of 


previous experiinents, the drop we observed at 250 d has not always been 
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detected. The mechanism responsible for the increasing concentrations of T 
during pubertal development and the decline in T concentrations at 250 d can 


only be theorized. As the boar develops, testes weight increases, thereby 





providing for the presence of a larger mass of steroidogenic tissue. The 

/ authors have noted (Allrich and Christenson, 1981) that sensitivity of Leydig 
cells to gonadotropins may increase during pubertal development. The 
increased mass and sensitivity of Leydig cells may in turn produce greater 


quantities of steroids, resulting in higher serum concentrations of T. 





Metabolic clearance rate of T may also be lower at this time. Then by 250 d, 
after maximum growth has been obtained by seminiferious tubules and Resear 
sex glands, T may no longer be required in high concentrations with a new 

set-point being established, thus lowering T concentrations. This may be 

brought about by a shift in the preferred metabolic pathways involved in 
androgen syntnesis. | 

The profiles of Eg concentrations remained constant through 100 d of age 
and increased steadily thereafter. Serum Ea concentrations did not decline 

| at 250 d as did T concentrations. One possible explanation for sustained 


b levels of Eo is that a shift in metabolism occurs in the testes, thereby 








allowing Eo secretion to continue in the face of declining T concentrations. 
The function of E2 in male reproductive physiology is not well known, but a 
1 role in sexual behavior (Baum and Vreeburg, 1973; Larsson et al., 1973) and 
testicular T synthesis (Tcholakian et al., 1974; Moger, 1976; Dorrington et 


n al., 1978; Jones et al., 1978) has been suggested. In the boar, Joshi and 








« Raeside (1973) concluded that Eg acts synergistically with T on accessory sex 


s glands and sexual behavior. High plasma £2 and urine estrogen concentrations 


s of adult boars have been reported (Velle, 1958; Raeside, 1965; “laus and 
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‘Hoffman, 1980; Hay et al., 1981). In the present study, serum concentrations 





of Eo were influenced by sire, indicating that sire may alter hormonal pat- 


terns in endocrine studies. 


Cortisol displayed a distinct drop in concentrations (to 10 ng/m?t) at 





100, 130 and 160 d of age. Cortisol is the major glucocorticoid found in the 
blood of boars (Bottoms et al., 1972) and is secreted in response to stress- 
inducing situations. Serum C was monitored in the present experiment because 


increases in adrenal steroid secretion are associated with increases in 





testicular steroid secretion in boars (Liptrap and Raeside, 1975, 1978). No 
such association was evident in the present-study. 
A slight, but not sianificant, elevation in LH concentrations occurred 


at about the time of greatest testicular growth. FlorCruz and Lapwood (1978) 





reported that a significant pies mono f LH concentrations occurred during 
puberty in the boar. Others :(Romanowicz ot Hite 1976) have not observed an 

| elevation in LH concentrations during this period. Serum LH during pubertal 
development may be partially responsible for anduth of the testes and 
increasing concentrations of T. Research conducted with bulls (Lacroix et 

po al., 1977; Lacroix and Pelletier, 1979; McCarthy et al., 1979), rams (Courot 


| et ale, 1975) and male rats (Smith et al., 1977; Grizard et al., 1980; Slob 

















» et al., 1980) have shown minor elevations in LH levels during pubertal 


1 development. 


The existence of an operative negative feedback mechanism was assessed 


ls by evaluating LH concentrations before and after castration at several ages. 





Through 160 d of age, a negative feedback mechanism was operating as evi- 


denced by elevated LH concentrations 1 to 2d after castration, when compared 


with concentrations found before castration. This response was absent after 
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160 d and suggests a decrease in the sensitivity of the negative feedback 
mechanism. Luteinizing hormone concentrations tended to decline after d +2 
and were similar to concentrations found on d-2. By d +16, LH con- 
centrations in only the 40-d age group had increased to the point of being 
elevated relative to d-2. This biphasic response in LH concentrations, 
except for the 40-d group, has not been observed in previous studies 
| (Colenbrander et al., 1977; FlorCruz and Lapwood, 1978) because LH con- 
centrations were not monitored shortly after castration. In studies that 


examined LH concentrations shortly after castration (Ford and Schanbacher, 





1977; Elsaesser et al., 1978), prolonged surveillance of LH concentrations 
was not conducted. The absence of elevated LH concentrations on d +16 may be 


explained by the fact that more time may be required to elicit sustained 





serum LH concentrations. In one study (Colenbrander et al., 1977), LH con- 
centrations were slightly elevated by 14 d after castration, with further a 
elevations observed by 28 d in boars that were 56 d of age at castration. 

Boars, at all ages monitored, displayed episodic fluctuations in T 


concentrations. Within age group, wide variations between boars were noted. 


Some boars displayed very pronounced episodes of T release and subsequent 
decline while other boars, at the same age, showed little fluctuation over 
| the 4-h period that was monitored. Other studies (Brock and Wettemann, 1976; 
; Sanford et al., 1976; Claus and Gimenez, 1977; Lapwood and FlorCruz, 1978; 


2 Kattesh et al., 1979) have also observed episodic fluctuations in blood T 


3 concentrations of boars. 














In conclusion, the results of this study demonstrate that marked al tera- 
tions occur in serum T, E2 and C concentrations during pubertal development 


of the boar. In addition, serum LH concentrations do not increase during 
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pubertal development, but are elevated within 2 d after castration at 40, 70, 





JO, 130 and 160 d of age. Also, sire was shown to influence testes and epi- 


dymides weight and serum Eo concentrations. 
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Table 1. RELATIVE GROWTH RATES OF THE BODY, TESTES AND 
EPIDIDYMIDES OF BOARS DURING PUBERTAL DEVELOPMENT 


= Ee eee 
qeweweaeae—a—asasasasaeaeaeaeaeaeaeaeawse=e=s=—=—=s=s=$Sqaq06. eee ——————————EEEEeESEoETTToeememSao SD 





Age, Nod Relative growth rate (% wt/d) 
d Body Testesb Epididymides> 
70 40 5.29 + .20 5.57 6.79 
100 34 2.80 + .13 4.14 4.62 
130 28 1.98 + .05 10.44 3.56 
160 22 1.20 + .01 3.36 2.92 
190 17 .70 + .08 1s, 28 1.82 
220 10 25 + .06 .29 58 


250 6 M7 + 207 14 .10 


@a For body growth only. 
Db No error term possible due to single individual measurements. 
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Table 2. SUMMARY OF SERUM TESTOSTERONE CONCENTRATIONS AND FLUCTUATIONS 
IN BOARS BETWEEN 0800 AND 1200 H DURING PUBERTAL DEVELOPMENT 


————— 





Age, No. Testosterone (ng/m1) Mean number of 
d Overall mean@ BaselineD spc — peaks°/4 ha 
40 4 ASCE dpe 15) 77-6 84 te Dae tie 
70 6 Ceentin el] Lesh 93 et fen ea 

100 5 40st + S28 220 1.01 ibd Sh oe Oe 

130 6 EE in 2 7.88 218 Ube Se Are 

160 6 eh odeet ou 8.96 2.14 nO sites 
190 6 Mata Be Gece cat 10,99 4,34 Le Oemet ames 

220 6 15.76 + .79 a OA Fl 1.5 + .2: 
250 5 6.66) + 62 6.61 2.44 (eh be) oa 


@ Least-squares means + SE. 


b Baseline defined as mean of three lowest samples collected during 
4h. ; 


C Standard deviation of overall mean. 
d peak defined as value greater than 2 SD above baseline. 
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Figure Legends 





Figure 1. Average body and paired testes and epididymides weight of boars 


| 

| 

| 

between 40 and 250 d of age. 

| Figure 2. Profile of mean (+SE) serum E9 concentrations of boars between 40 

and 250 d of age. 

Figure 3. Profile of mean (+SE) serum C concentrations of boars between 40 
and 250 d of age. 

Figure 4. Profile of mean (+SE) serum LH concentrations of boars between 40 


and 250 d of age. 
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Figure 1. Average body and paired testes and epididymides 
weight of boars between 40 and 250 days of age. 
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Figure 2. Profile of mean (+SE.) serum E, concentrations 
of boars between 40 and 250 days of age. 
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Figure 3. Profile of mean (+SE.) serum C concentrations of 
boars between 40 and 250 days of age. 
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Abstract 
The responsiveness of testicular tissue, in terms of testosterone (T) 
and estradiol-178 (Eo) production, to human chorionic gonadotropin (hCG) sti- 
mulation in vitro was assessed during pubertal development of the boar. A 
morphometric investigation was conducted concurrently to quantitate Leydig 
cell and seminiferous tubule changes in the testes of developing boars. 
Since whole tissue preparations were incubated, the morphometric investiga- 


tion allowed for expression of T production on a Leydig cell basis while 





Eo production was expressed per 500 mg of testicular tissue. Testicular 

volume percentage of seminiferous tubules increased from 36% at 40 days of 

age to a maximum of 72% at 190 days of age. Increases in tubular diameter 

| were from 65 m at 40 days of age to 236 m at 250 days of age. Testicular 
Volume percentage of Leydig cells decreased from 40% at 40 days of age to 10% 
at 250 days of age. Measurable increases in capacity and sensitivity of T 
and Eo production were detected during pubertal development. The capacity of 
Leydig cells for T production and testicular tissue for E2 production was 
greatest (P<.05) after hCG stimulation in boars that were 130 and 160 days of 

: age. In addition, sana PTR as judged by the regression coefficient of T 

and Eo production on log dosage of hCG was greater (P<.05) for T and tended to 

| be greater (P<.10) for Ea in testicular tissue from boars 130 days of age. The 

data presented support the hypothesis that one factor in pubertal development of 


boars is an increased capacity and sensitivity of the testes to gonadotropin 


stimulation. 
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Introduction 





Since only minor, if any, elevations occur in LH concentrations during 
pubertal development in the boar (Romanowicz et al., 1976; FlorCruz and 
Lapwood, 1978; Allrich et al., 1981), alterations in gonadal sensitivity to 
gonadotropins may be partially responsible for elevated concentrations of 
testosterone (T) (Colenbrander et al., 1978; FlorCruz and Lapwood, 1978; 
Lapwood and FlorCruz, 1978; Tan and Raeside, 1980; Allrich et al., 1981) and 


-estradiol-17g (E2) (Allrich et al., 1981) observed during this period. 





Elevated T and Eg are associated with growth and function of target tissue, 
| most notably that of seminiferous tubules and accessory sex glands. | 

A current hypothesis (Odell et al., 1974; Odell and Swerdloff, £925: 
| Payne et al., 1977) states that there are changes in testicular respon- 
Siveness to LH as pubertal development progresses in the male rat. The 
changes in responsiveness are usually monitored by quantifying T production 
after gonadotropin stimulation in vivo or in vitro. No reported studies have 
comprehensively investigated developmental changes in T and Eo production by 
incubated porcine testicular tissue after stimulation with a gonadotropin. 
The objectives of the present study were to characterize morphological 
changes in the testes and determine whether or not changes occur in maximal T 
and Eo production and/or sensitivity of testicular tissue to a gonadotropin 
during pubertal development in the boar. 

Materials and Methods 


Forty-eight Landrace X Duroc boars were reared in a total confinement 


environment. Boars were exposed to 12 h of light daily until 10 weeks of age 


and 16 h of light daily thereafter. During rearing, boars were maintained in 


- isolated from possible audible and pheromo- 














s homosexual groups but were Nnevel 
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nal stimuli of contemporary females. At weaning, boars were randomly 
allotted in a randomized block design with blocking on sire groups (six sires 
used) to eight castration ages (40, 70, 100, 130, 160, 190, 220 and 250 
days). 

At castration, anesthesia was induced and maintained with sodium 
thiopental iv. Testes and epididymides were promptly removed from boars and 
weighed separately. Within 15 min after castration, the parenchymal tissue 
of the right testis was dissected free and randomly cut into 500 mg. pieces 


which were minced in separate 25 ml Erlenmeyer flasks containing 5 ml of TC 


199 buffered with Hepes (N-2-hydroxyethyl piperazine-N-2-ethane sulfonic 


acid) at a final concentration of 25 mM. Following a 1/2 h preincubation 





period in a shaking waterbath (36°C) in an atmosphere of 95% 02 and 5% C02, 
the media was carefully decanted and replaced with 5 ml of TC 199 (25 mM 
Hepes) containing 0, 5, 25, 125, 625 or 3125 mIU human chorionic gonadotropin 
(hCG)/ml media with dosages being triplicated. A time-course study was then 
conducted with subsamples (100 u1) of the media collected at Fee ee ean 
h after initiation cf the incubation procedures with hCG. Media samples were 
frozen at -20°C until assayed for T and Ep. The 1/2 h preincubation was 
necessary, because large quantities of T and Eo were released into the media 


at mincing and tended to mask T and E2 production when stimulation with hCG 


conmenced. 





The entire left testis was immediately perfused, via the testicular vein, 











with cacodylate-buffered 1% glutaral dehyde-3% formaldehyde at room temperature 
(Johnson and Neaves, 1981). The perfused testis was then stored on ice and 
transported to the laboratory wnere 2 mm3 pieces were taken from the top, middle 
and bottom 1/3 of the testis and further fixed for at least 2 h in cacodylate- 


buffered 2% alutaraldehyde. The pieces were then postfixed overnight in osmium 
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tetroxide, dehydrated in ethanol and embedded in araldite. Sections of testis 
were cut at a thickness of 2 um and stained with toluidine blue and basic 
fuchsin (Sata and Shamoto, 1973; Alsop, 1974). 

Approximately 100 cross-sections of seininiferous tubules and associated 
interstitial tissue were examined per boar. Volume percentages of selected 
structures were determined by means of the point raster method (Chalkley, 
1943); using a 456 point raster on 8 x 10 inch photomicrographs. Total 
magnification was 463 X and 367 X for tissue sections from boars less than or 
equal to 100 days and greater than 100 days of age, respectively. In 
addition, seminiferous tubule diameters and number: of Leydig cells per unit 


area were determined on the same photomicrographs. 





Leydig cells were assumed to be spherical and therefore the area 
occupied by Leydig-cells on a photomicrograph was assumed to be made up of 
circles. Area of Leydig cells per photomicrograph was divided -by the number 
of Leydig cells in that area. Using the diameter determined from the average 
area of a Leydig cell, the volume of Leydig cells was calculated for each 
boar (Abercrombie, 1946). The number of Leydig cells per 500 mg piece of 


testicular tissue for each boar was estimated by the following equation: 





Number (5 x 1041 um3) (volume percentage of Leydig cells) 
of i 
Leydig cells Leydig cell volume 


Tissue density was assumed to be unity. Testosterone production per Leydig 


cell was then calculated by dividing total T produced in the media by the 














number of Leydig cells determined in 500 mg of testicular tissue. The 


E> production was expressed as total Eo produced in the media per 500 mg of 





testicular tissue. 


Maximal T production was defined as the total T produced per Leydig cell 


afte 1 h of stimulation with 3125 mIU hCG/ml media. Maximal Eg production was 
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defined as the total Eo produced per 500 mg testicular tissue after 3 h of 
stimulation with 3125 mIU hCG/ml media. Sensitivity of testicular tissue to hCG 
stimulation was determined as the regression coefficient of T and Eg production 
on log dosage of hCG. 

Concentrations of T were determined in triplicate 10 y1 aliquots of 
media by radioimmunoassay (RIA) as described by Ford et al. (1980) utilizing 
an antiserum developed in rabbits (Cambridge Nuclear Radiopharmaceutical 


Corporation-248) which had less than 10 % crossreactivity with dihydro- 





testosterone. Samples were assayed without extraction. Concentrations of T 


/were measured against standard curves of T (Sigma Co., St. Louis, MO) which 


ranged from 10 to 2000 pg. Intraassay and interassay coefficients of 
variation were 7.0 and 9.2%, respectively. 


Concentrations of Ep were determined in duplicate 10 u1 aliquots of 


media by RIA as described by Kesler et al. (1977) utilizing an antiserum pro- 


vided by Dr. Norman Mason (Edi billy Co.). Samples were assayed without 
extraction. Concentrations of £2 were measured against standard curves of 
Eo (Sigma Co., St. Louis, 10) which ranged from .78 to 200 ng. Intraassay 
and interassay coefficients of variation were 5.5 and 7.5%, respectively. 

The data were analyzed by least-squares fixed-model procedures (General 
Linear Models procedure; Barr et al., 1979). The model involved a split- 
split plot analysis with age as main plot, hCG dosage as subplot and time of 
incubation as sub-subplot. Where heterogeneity of variance existed, log 
transformation of data preceded analysis. Differences between treatment means 


were determined by the Newman-Keuls test (Steel and Torrie, 1960). 
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Results 
Mean body weights and paired weights of testes and epididymides 
increased throughout the period of sampling from 40 to 250 days of age (Table 


1). Within age group, neither testes nor epididymides weight was signifi- 


cantly correlated with body weight (r = .50, P>.30). 


Testicular volume percentage of seminiferous tubules and tubular diame- 


ters increased (P<.01) with age (Fig. 1). At 40 and 70 days of age, volume 


‘percentages of seminiferous tubules were similar and steady increases 


occurred thereafter to 190 days of age with values similar at 220 and 250 


days of age. Seminiferous tubular diameter increased similarly. The largest 
increase occurred between 100 and 130 days of age and reached a maximum value 


of 236 um at 250 days. No regional differences were detected in testicular 


- yolume percentage or diameter of seminiferous tubules. 


Volume percentage of Leydig cells (Fig. 2) in the testes had a reverse 
trend. Maximal values (45 %) were at 70 days of age.. Volume percentage of 
Leydig cells then declined in a step-wise fashion until reaching 10 % at 220 
days. Similar values were observed at 250 days of age. Yolume per Leydig 
cell showed no systematic age-related alterations except for a marked eleva-~ 
tion (P<.05) at 160 days of age. No regional differences were detected in 
testicular volume percentage or volume of Leydig cells. 

Total weight of Leydig cells per paired testes increased to a maximum at 
160 days of age and then decreased slightly thereafter (Table 1). In 
contrast, total number of Leydig cells per paired testes increased throuch 
250 days of age. However, total number of Leydig cells appeared to stabilize 


briefly between 130 and 160 days of age before increasing again at 190 days 


Of age. 
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Increasing dosages of hCG elicited increased (P<.01) production of T and 
Fo for all ages (Tables 2 and 3, respectively). The time-course of T produc- | 
tion was such that maximal responses were obtained by 1 h of incubation. In 
contrast, Eo production increased through 3 h of incubation. No age differ- 
ences were detected in T or Eg time-course production. 

Maximal production (defined as steroid production at 3125 mIU hCG/ml 
media), of both T and Eo, was greatest (P<.05) at 130 and 160 days of age 
(Tables 2 and 3, respectively). Sensitivity of steroid production, as judged 


by the calculated EDsq parameter, tended to increase (P<.10) after 100 days 





‘of age for both T and Eg production (Tables 2 and 3, respectively). 
Discussion 


Changes in body, testes and epididymides weight were similar to those 


reported previously (Phillips and Andrews, 1936; McKenzie et al., 1938; 
Swierstra, 1976; van Straaten and Wensing, 1977). Within subclass correla- 
tions yielded no significant correlations between body weight and paired 


testes or epididymides weight indicating that body weight is not a priimary 











factor controlling testes growth. 

Increases seen in testicular volume percentage of seminiferous tubules 
and seminiferous tubular diameters with age agree with those reported 
elsewhere (Palmer et al., 1971; van Straaten and Wensing, 1977). The large 
increases in volume percentage and diameter of seminiferous tubules that 
occurred between 100 and 160 days reflects, in part, the profound alterations 
occurring in testicular morphology during this period which culminates in the 


release of spermatozoa into the seminiferous tubule lumen. The expansive 








growth of the seminiferous tubules may be caused by the action of androgens 


being secreted by the Leydig cells at this time. 





SDA MANUSCRIPT GUIDE SHEET Form AD-653A (5/61) 


































va 


See 5 
he 


© 
7 Ye sattouanig: (16,54) hersevont bastshig. 


Svyas -oaty. aalt  (elovigseyger 6 

























“eu tof t yt beateraa) age esenoueay Ma 
) to W € dewowds? bazeasnk nob 
Norfoubo1 S2%U05-9¢tz) g2 40-7 ae 

[é 36 nol tovbow bhoyete 26 bontisb) mobos 


aoe DAL ne 


+ one ULL te 180.29) Jeasnotpy cow (ed be 

orssnbow brevets Se wPyvbetens? .(¥fove 
‘9316 (O01.>9) seseyont oe bebwes  Tesoms sg gatie 

-E bag S$ enldet) poltavbowy <3 ine 

nolgeugeral . : 

fale snew Jiptew esbimbtbhgs ium sedeuy ahaa 

c+ }8 39 OfsmaNol GEOL. ces bak Bae egkitiaa) u 


ss'Icue nidciw . (ote! (CN TehSW ONS NOSeEWwe naw 


“4 Oné Jipraw ybod neswied andigelersos tnsatingla of 
7 “© Jon af Jephew ubod Sar3 ONT I“ SFdal ae pie 
= 
“MPHOND ¢ othe 


Mert asic 
ud em@re%ininez Yo spstapotsy smufoe "6 luotiesy i iis oe ; 
“GS S2ok ASIW Orbe saps NeW evedenelh 
tot ont .C NOL .onbenel Bes naTaews?d nav efter Tea 

rec? 2s lidyd wos? titme 30 setenahy bre Sp6in: 
“Hortanas's bayotog or? .tteq nt  sioeltex 2\hb “<< 
ant fees animfun Astiy Dor rag. any fits Npote 
aviensdxe aff chem! sfuduz 201s tinimee is 

a 

snecovhns 30 notes od ‘of baaues sd-yemig Se od 


— 
, a i 





tHB\EY ALEAOA ied 


gins 
¢ -9- Margins 
1 1 ea ake 





In accordance with the expanding volume occupied by seminiferous 
tubules, Leydig cells decreased in volume percentage as the age of the boar 
increased. Other reseachers (van Straaten and \lensing, 1977, 1978) have 
noted such changes. The greatest decrease in volume percentage of Leydig 
ceils occurred between 100 and 190 days of age which corresponds with the 
greatest increase in volume percentage of seminiferous tubules. Although 
volume percentage of Leydig cells decreased, the total number of Leydig cells 
within the testis increased with age due to the immense growth of the testis 
during pubertal development (van Straaten and Wensing, 1978). In contrast, 
total weight of Leydig cells did not increase s eadily throughout development 
but rather reached a maximum at 160 days of age. The relationship of total 
) Leydig cell weight and serum steroid concentrations need careful evaluation. 
) The changes observed in Leydig cell volume are similar to those reported by 
van Straaten and Wensing (1978). The increase in Leydig cell volume at 160 
days of age may partially be explained by the apparent reduction of mitotic 
division of Leydig cells and by Leydig cell growth froin 130 to 160 days of 
age resulting in increased Leydig cell volume. 

The morphometric study conducted with the perfused testis was considered 
the appropriate method to monitor compositional changes in the testicular 
tissue that was incubated. It has been shown (Kennelly and Foote, 1952) that 


both testes of the boar normally develop in synchrony. 





? The present study demonstrates an enhanced steroidogenic response, as 


measured by T and £2 production, by testicular tissue jin vitro to hCG stimu- 





lation during pubertal development. Eg production was expressed per 500 mg 
of testicular tissue because £2 synthesis in the testes probably involves the 


interaction of Leydig cells and seminiferous tubules (Dorrington et a a 
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1976; Steinberger et al., 1979). Testosterone production per Leydig cell and 





Eo production per 500 mg of testicular tissue increased at all hCG dosages at 
730 and 160 days of age, indicating that this period in the life of the boar 
“may be important in determining potential steroid production. The sensi- 


a ty of steroid production appeared to increase after 100 days of age, 





“again indicating that this period may be critical for steroid production by 
the e testes. 
Previous studies (Wrobel et al., 1973, 1974; Tonhardt et al., 1976) with 


porcine testicular tissue have indicated that steroidogenesis increases at or 





_ near puberty in the boar. Recent evidence (Peyrat et al., 1981; Berardinel11 
| et al., 1982) indicates that changes LH receptor numbers of Leydig cells 
do not play a primary role in this response 

Examining pubertal development of bulls, McCarthy et al. (1979) failed 
to detect major changes in T production from in ees stimulation of testicu- 
lar tissue with LH. However, their data were expressed relative to incubated 
testicular protein and differences due to testicular compositional changes, 
that are known to occur during puberty (Phillips and Andrews, 1936), were not 
accounted for. Studies with rats (Ficher and Steinberger, 197 bs Cdelleet 
al., 1974; Wiebe, 1976; Purvis et al., 1978) and rabbits (Chubb et al., 1978) 
have indicated increased testicular steroidogenesis during pubertal 


development. 











The evidence presented supports the hypothesis that testicular sen- 
sitivity to gonadotropin stimulation increases during pubertal develcpiient. 
The increases in maximal T and E2 production and gonadotropin sensitivity is 
reflected, in part, by elevations in serum T and Eg concentrations at. tais 


time (Colenbrander et FE itewe leis FlorCruz and Lapwooa, 1978; Lapwood and 
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rCruz, 1978; Claus and Hoffman, 1980; Tan and Raeside, 1980; Abiricieer 


i981). 
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Tapiere a. ETTeCt of hCG on testosterone production (fg/Leydia sell), 
after 1h incubation, by testicular tissue from boars 
between 40 and 250 days of age. 


DE ene 











Age No. of hCG dosage (mIU/m] media) 

(days) boars 0 5 25 [ogee 6250 312% 
40 6 fh hy G6 cdee 11256 saat ie 
70 6 2.9 oe) 7.4 ple Glia: WA 

100 6 229 4.4 Seo) Gan? ge 1 1G ee los? 
130 6 Guct™ ook 29.0" 34700) 42.0" AS 
160 6 {027 ptbeoheee ae 2G. 0s DS 42.5% 
190 6 Foe 10658 11887) 16.0.0 1772 19.8 
220 6 i Ae OWE Te a 26.6 
250 6 a ee ee oe ee ee ‘abies! 


& Data presented are least-squares means. 


* These values are greater (P<.05) than other values within the same 
column. 
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Table 3. Effect of hCG on estradiol-178 production (ng/500 mg 
testicular Tissue). atter oa cud Gol eDy testicular 
tissue From boars between 40 and 250 days of age. 


Age No. of hCG dosage (mIU/ml media) 

(days) boars 0 5 25 Wak) taeda ane Alea 
40 6 P29 S ald ep = a WAR --- 22./ 
70 6 {ae Gh Steel | 23.3 9 31. 0m 405 Ser 47.8 

100 6 12.0. Blb201 17.8 2) ate 300 7 45.9 
130 6 ode 2350" 46.9% 71.838 59-70% 102.5*. 
160 6 Vig Ome oe 31.9% foes *) 51.9% § 62.3% 
190 6 ear bey Ay sb Sie Sod 
220 6 age eae Ate Pee dare aise 
250 6 LAD cinclG.c2uebilGo Mewes lee cles, 29.4 — 


4 Data presented are least-squares means. 


* These values are greater (P<.05) than other values within the 
same colunn. 
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Table 4. In vitro sensitivity of testicular tissue to hCG stimulation. 
eee 


Regression coefficient of hormone production 
on log dosage of hCG 


Age No. of 
( days) boars Estradiol-178 at 1h Testosterone at .5h 
6 Re aan 
70 6 5.0 + 1.5? ae ea ct 
100 6 4.4 + 2,6) 3.1 + .9D 
130 6 li 2ereqare 10,204,772 
160 6 7.3 41.5455 7.4 42.18:0" 
190 6 4.8 + 1.7> 2.44 .5P 
220 6 3724 2D 4 Bet 8° 
250 6 2.8 49.40 3.4 4 .9b 


a,b Means + SE with different superscripts differ for estradiol-178 
(ng E9/500 mg of testicular tissue), P<.10 and for testosterone 
(fg T/leydig cell), P<.05. 
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Fig. 2. Testicular volume percentage (+SE.) and volume (+SE.) 
of Leydig ceils of boars between 40 and 250 days of 
age. 
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